This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



REMARKS 



This Preliminary Amendment cancels claims elected in the parent application, U.S. Patent 
Application No. 10/011,638. Claims 44-61 are pending. An Action on the merits is requested at 
the earliest opportunity. 





Respectfully submitted, 



Date: n ^ 

lichael A. Sartori, Ph.D. 
''Registration No. 41,289 
Venable LPP 
P.O. Box 34385 
Washington, D.C. 20043-9998 
Telephone: (202) 344-4000 
Telefax: (202)344-8300 

MAS/mg 

PC Docs No. 524955 



7 



Applicants: Shiro SUYAMA et al. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 



ShiroSUYAMet al. 



Art Unit: To Be Assigned 
Examiner: To Be Assigned 



Divisional of Appl. No.: 10/011,638 



Confirmation No.: To Be Assigned 
Filed: February 23, 2004 



Atty. Docket No.: 32307-201092 



For: 



Optical Device And Three- 



Customer No.: 26694 



Dimensional Display Device 



Marked-Up Copy of Specification 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA. 22313-1450 



PC Docs #524928 



O03 5561 7522 TANI4ABE 97/01/H 20:04 P. 005 



BACKGROUND OF THE INVENTION 



Field of the Invention 

5 The present invention relates, to an optical 

device which can periodically or sequentially vary 
/j optical property the optical device, such as^ 
focal length of a lens, M. deflection angle of a 
prism, ^ divergence angle of a lenticular lens and 
10 so on. 

Further, the present invention relates to a 
three-dimensional display device and its driving 
method. More specifically, the present invention 
relates to a technology effectively applicable to an 
15 aK>aratus for displaying a two-dimensional image to 
be displayed on a two-dimensional display device in 
a three-dimensional fashion. 



20 



Description of the Related Art 



Host of the conventional optical devices are 
passive optical devices.^ f^anAa of active optical 
devices whose optical properties can be varied by _t i-, 

voltage or the like are quite limited. Jtoaongstr^ as ^ 
25 an optical device en^loying a material having^ 

variable refractive index, there is a liquid crystal 
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lens disclosed in Science Research Expenditure 
Subsidy Research Results Report No. 59850048 (1984) . 

Fig. 1 shows construction of such a liquid 
crystal lens. The liquid crystal lens having 
5 optical properties to be varied by voltage or the 
like shown in Fig. 1 is constructed with a planar 
convex lens 1 formed of a polymer, glass or the 
like, a transparent electrode formed on the surface 
of the planar concave lens 1, an alignment layer 

10 formed of a polyimide or the like on the transparent 
electrode 2, a liquid crystal 4 (ordinary nematic 
liquid crystal having an aniaotropy of . dielectric 
constant which is not reversed by difference of 
frequency) , an opposite substrate 5 opposite to 

15 these conqponents, a transparent electrode 6 formed 
on the o^osite substrate 5, an alignment layer 7 
foxtaed of polyimide or the like on the transparent 
electrode 6, and a driving device for driving these 
components. Here, the alignment layers 3 and 7 are 

20 iny homogeneous alignment condition for aligning the 
liquid crystal 4 ^ substantially parallel , 

In the condition where no voltage is applied 
between the transparent electrodes 2 and 6, the 
liquid crystal 4 is aligned to be substantially 

25 parallel to the alignment layers 3 and 7 by the 
action of the alignment layers 3 and 7. In this 



- 2 - 



803 5561 7522 



TANi&ABE 



97/01/14 20:05 P,007 



case/ an incident light beam 11 inr-^ polarized 
ScrndiLion to-fee parallel to the alignment direction 
is subject to an extraordinary refractive index of 
the liquid crystal 4. Thus, for example, the liquid 
5 crystal 4 appears to have a large refractive index 
in comparison with the planar concave lens 1 so that 
the entire optical device serves as t^ planar 
convex lens to cause convergence as an output light 
beam 12 « 

10 On the other hand, in the condition where an 

appropriate voltage is applied between the 
transparent electrodes 2 and 6, the liquid crystal 4 
is aligned to be perpendicular to the electrode 2 
and 6. in this case^ the incident light beam 11 is 

15 subject to the ordinary refraction of the liquid 
crystal 4. Therefore, for example/ the liquid 
crystal 4 appears to have substantially the same 
refractive index as the planar concave lens. Then, 
the entire optical device merely serves as glass 

20 plate to output a light beam 13 having substantially 
the same direction as the incident light beam 11. 

Even in such a conventional optical device, it 
has been possible to sequentially vary an optical 
property, e.g. focal length, of. the planar convex 

25 lens depending upon an applied vpltage. One example 
of this relationship is illustrated in Fig. 2. 
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However, the conventional optical device has the 
following detects. Alignment of the liquid crystal 
4 in the condition where no voltage is applied, is 
performed only by^ anchoring force of the alignment 
5 layers 3 and 1 . In such a optical device, since the 
liquid crystal 4 has a large thickness of several 
hundreds )iiti or more^ a drawback has been encountered 
in that a resuirption timing upon driving is delayed 
significantly by several seconds, as shown in Fig. 

10 3. Furthermore, even if the applied voltage is 
increased, the resumption timing can be hardly 
improved. Therefore, currently, there is no 
effective method for shortening a resuiti>tion period. 
As set forth above, ^en the liquid crystal 4 is 

15 aligned only bj^ Cohering force of the aligimient 

layers 3 and 7, molecules 4a of the liquid crystal 4 
may be aligned along a curved surface of the planer 
concave lens in a portion located in the vicinity of 
the transparent electrode 2, as shown in Fig* 4, 

20 Therefore, alignment of a part of the liquid crystal 
tends to be inclined, so that the refractive index 
to be sensed by the incident light beam becomes 
closer to the refractive index of the planar concave 
lens , thereby making ^ variation amount of the 

25 optical property smaller. Furthermore, there is a 

disadvantage. that distribution of the variation 

n 
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amount of the optical, property depdiding on the 
position pjt the T.ens /'^-catt&edU- 

Further, since the transparent electrode 2 is 
formed on the surface of the planar concave lens 1 , 
5 when the voltage is aj^lied, an electric field 
perpendicular to its surface is established in the 
vicinity of the transparent electrode 2 so that the 
liquid crystal 4 may be aligned perpendicularly to 
the surface thereof. As a result, there arises 
10 /I inclination o%f alignment of a part of the liquid 
crystal 4 to form a region where the refractive 
index sensed by the incident light beam is 
significantly different from the refractive index of 
the planar concave lens 1. Thus, the. incident light 
15 beam which should pass through without any 

deflection substantially, is locally deflected. 

Furthermore, in the case where the surface 
configuration of the planar concave lens 1 is more 
complicated, particularly when it has deep grooves 
20 or sharp projections, it becomes difficult to 

uniformly form the transparent electrode, so that a 
circuit breakage or high resistance is liable to 
occur. 

Additionally, in such case, an alignment process 
25 of tlie alignment layers for aligning the liquid 
crystal, such as^^ubbing process and the like. 
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becomes difficult. Further, ^ distance bet^e^ the^ 
transparent electrodes varies a cGordin g-JsOy positions 
as^ clear from Fig. 1. Despite th|^ fact/ since t>^e 
equal voltage is applied to ei^re positions of the 
5 transparent electrodes, degradation of insulation, 

short circu its etc, are liable to occur in a narrow 

A 

region. 

AS set tortn above, the conventional active 
optical device employing material having a 
10 variable refractive index encounters various 

practical drawbacks or shortcoming in production and^ ^ 
4P3:viug, sucfar a c in long r esumpti on p e ri od^,— aen-- 
— un i£uniiiLy . — 



15 SXIMMARY OF THE INVENTION 

It is an object of the present invention to 
provide an optical device which can be driven at 
high speed, achieves high uniformity, is easy to 
20 fabricate, and can vary^^ optical property 

sequentially, periodically in an active manner. 

According to the present invention, there is an 
optical device comprising; 

a transparent material layer having a desired 
25 curved surface configuration; 
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a layer including a varicUble refractive index 
material having a dielectric constant anisotropy and 
having a property in which a sign of a difference Ae 
in dielectric constant due to the anisotropy is 
5 reversed at driving frequencies fl and f2; 

at least two transparent electrodes arranged to 
sandwich the transparent material layer and the 
layer including the variable refractive index 
material ; and 

10 a driving device supplying a voltage including 

the driving frequencies f 1 and f 2 between the 
transparent electrodes. 

The optical device according to the invention 
enables ^ high speed operation by varying^^efractive 

15 xndex by varying ^ frequency of a voltage to-be // 

applxed to the variable refractive index material^ to 
vary ^h^ optical property of the device^ loxmed 
togpfhpr w i th Lli i B LiaiispaxeiiL mamxial l iA v ixig the 
de sire d curved saLlac c i configuration i Furthermore r 

20 since the force of the electric field can be always 
used, lihe speed can be made higher by increasing the 
electric field • 

In addition, in the optical device according to 
the invention, the force of the electric field can 

25 be vaxied by the variable refractive index material, 
and since the transparent electrodes are not 
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provided on the side of the variable refractive 
index material of the transparent material layer, 
the optical device is hardly influenced by the 
surface configuration of. the transparent material 
5 layer, compared to the prior art device, regardless 
of the condition of the variable refractive index 
ma.terial/1 therefore ^ amount of variation of the 
optical property can be easily^uniform. Since the 
transparent electrodes are not provided on the side 

10 of the variable refractive index material of the 
transparent material layer in the optical device 
according to the present invention, it becomes 
unnecessary to form tb^ film to meet the shape of 
t^ con^licated surface configuration to facilitate 

15 fabrication of the optical device, coiqpared to the 
prior art device. Furthermore, since the 
transparent electrodes are not provided on the side 
of the variable refractive index material of the 
transparent material layer, the distance between the 

20 transiparent electrodes can be maintained 

substantially the same, and the transparent material 
layer is always present between the transparent 
electrodes, degradation of insulation, sh^t an^ so 
on hardly occur. 



25 Fuzi:her, by replacing one of the tremsparent 

electrode with an electrode reflecting at least a 
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part of the incident light beam, an active mirror, 
half mirror or other various/ types of optical 
devices for varying^ optical property can be 
realized. 

5 According to the present invention, there is an 

optical device comprising: 

a layer including a variable refractive index 
material having dielectric constant anisotropy and 
having a property to reverse signs of a difference 
10 of dielectric constant Ae due to anisotropy at 
driving frequencies fl and f2; 

at least two transparent electrodes £irranged to 
sandwich the layer including the variable refractive 
index material; and 
15 a driving device applying a voltage, in which 

voltages from VI to VN respectively having 
respective primary frequencies fl to fN (N 2: 2) are 
superinposed, between the transparent electrodes. 
According to the present invention, there is an 
20 optical device comprising: 

a layer o£ transparent material having a. desired 
curved surface, configuration; 

a layer including a variable refractive index 
material having a positive or negative dielectric 
25 constant anisotropy; 
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a.t least two transparent electrodes arranged to 
sandwich the layer of the transparent material and 
the layer including the variable refractive index 
material; and 

5 a driving device for always supplying a voltage 

substantially equal to or greater than an airplitude 

of a voltage establishing static and vertical 
alignment in the variable refractive index material. 
As set forth above , the optical device according 

10 to the present invention has driving device 
which can always supply the voltage having an 
asiplitude equal to or greater than the voltage, at 
which the variable refractive index material is 
statistically aligned to generate electrofluid 

15 motion in the inolecules of the liquid crystal to 
change the refractive index of the variable 
refractive index material in such a way that the 
orientation of the liquid crystal molecules vary in 
synchronism with a frequency twice^o^^^e frequency 

20 of the voltage appliec^ between the state where the 
orientatioz]^^f the liquid crystal molecules is 
perpendicular or parallel to the electrode and the 
state where the orientation of the liquid crystal 
molecules is slightly inclined from the former 

25 state* Therefore, the optical device according to 
the present invention can vary the optical property 
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at a high speed, sequentially, periodically and 
uniformly. Furthermore, it becomes unnecessary to 
process the film to meet tjjjfe complicated surface 
configuration,^ the fabrication can be facilitated. 

According to the present invention, there is a 

c 



three-dxmensional display device for forming >j three- 



dimensional image from two-dimensional image/on' 
display portion, comprising: 

a layer of a transparent material having a 
10 desired curved surface configuration; 

a layer of a variable refractive index material 
having a refractive index varying in accordance with 
a voltage applied thereto; 

at least two transparent electrodes arranged to 
15 sandwich the layer of the transparent material and 
the layer including the variable refractive index 
material; 

an imaging position shifting portion for 
shifting an imaging position of the two-dimensional 
20 image displayed on the display portion; 

a synchronizing portion for synchronizing an 
updating period of the two-dimensional image 
displayed on the display portion with a shifting 
period of the imaging point of the imaging position 
25 shifting portion; and 
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a driving portion for driving the imaging point 

shifting portion by applying a voltage to the at 

least two transparent electrodes in accordance with 

an output from the synchronizing portion. -iPhe- 
^ 'thy * *^ . 

5 ^ tni^e-dimensional display device according to the 

present invention decomposes the three-dimensional 

image into two-dimensional images (depth san^le 

images) belonging to planes set at a predetermined 

interval in a depth direction of an image pick-up 

10 position for displaying the images in a 

predetexToined sequence on the display portion, and 
the imaging position of the image to be displayed on 
the display portioh is varied by the imaging portion 
shifting portion. Here, the image displayed on the 

15 display portion and the imaging position are 

synchronized by the synchronizing portion so that 
the observer may view the image displayed on the 
display portion as a three-dimensional image. 

According to the present invention, there is a 

20 driving method of driving a three-dimensional 
display device including a display portion for 
displaying two-dimensional images, an imaging point 
shifting portion disposed between the display 
portion and an observer, a synchronizing portion for 

25 synchronizing an updating period o£ the two- 
dimensional images displayed on the display portion 
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With a shifting period of the imaging point of the 
imaging point shifting portion, and a driving 
portion for driving the imaging point shifting 
portion, the a driving method comprising the steps 
5 of: 

outputting a plurality of driving signals of eui 
output voltage VN (N ^ 2) having frequency fN as a 
primary frequency for a predetermined period of time 
assigned to each of the driving signals in a 

10 predetermined sequence to drive the imaging point 
shifting portion in the driving portion; and 

updating and displaying the two-dimensional 
images in a predetermined sequence on the display 
portion in the synchronizing portion. 

15 According to the present invention, there is a 

driving method of driving a three-dimensional 
display device including a display portion for 
displaying two-dimensional images, an imaging point 
shifting portion disposed between the display . 

20 portion ^id an observer, a synchronizing portion for 
synchronising an updating period of the two- 
dimensional images displayed on the display portion 
with a shifting period of the imaging point of the 
imaging point shifting portion, and a driving 

25 portion for driving the imaging point shifting 
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portion, the a driving method comprising the steps 
of: 

in the driving portion; 

generating a driving signal of a predetermined 
5 output voltage in which a frequency fN (N S 2) is 
superiit^josed; 

applying the driving signal to the imaging 
position shifting portion; 

varying the output voltage in a predetermined 
10 sequence in accordance with a synchronization signal 
of the synchronizing portion; and 
in the synchronization portion: 
outputting a synchronization signal in the 
synchronization portion when updating two- 
15 dimensional images to be displayed on the display 
portion. 

In the foregoing three-dimensional display 
device, there appears a phantom image of the image 
on the back side or inside which should be hidden. 
20 Therefore, it can be useful only for reproducing a 
wire frame like three-dimensional image, in. 
practice. The invention makes it possible to 
display the real three-dimensional image display in 
this case. 

25 According to the present invention, there is a 

three-dimensional display device comprising: 
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a phantom three-dimensional display device for 
displaying a phantom three-dimensional image; and 

a shutter device formed by a shutter element for 
controlling a light transmittance/ the shutter 
5 device being located at a position where the phantom 
three-dimensional image is reproduced or a position 
optically equivalent to the position. According to 
the three-dimensional display device, the shutter 
element of the shutter device, interputs the 
10 incident light beam or scatters the light beam while 
the phantom image on the back side as viewed from 
the observer is being reproduced. By this display 
device, many of the visual cues to depth perception 
can be satisfied and the natural three-dimensional 
15 image with no phantom phenomenon can be reproduced 
in the form of motion pictxire. 

According to the present invention, there is a 
three-di men sional display device coicprising: 

a phantom three-dimensional display device for 
20 displaying. a phantom three-dimensional image; and 

a shutter device formed by a shutter element for 
controlling a light transmittance, 

the phantom three-dimensional image being a real 
image, and the shutter element being a photoreactive 
25 element for lowering a light transmittance in a real 
image region at the position of the shutter element 
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ill ticcordance with an imaging light boom of the real 
image . 

According to the uresent invention, thero is a 
heaa-uiouiit display devicsft comprising; 
5 two display devices corresponding to left cuid 

right eyee and each including a two-dimensional 
display device and an optical dftvlce having a 
variable focal length; and 

a control device for controlling tlxe two^ 
10 dimensional display device and the optical, device 
having a variable focal length, 

the display devicoc being mounted to left <iiid 
right eyes, and the control device synchronou.<«ly 
dx iving the two-dimensiona i display device and the 
15 opnir.al device to perform three-dimensional display. 
The head-:mount display device according to the 
present invention is worn on respective left and 
right eyes of tj^. human being so that the human 
being or viewer can view display images on Uie two- 
20 dimoneional display devices through the optica] 

device of variable focal length. Then, by varying 
the focal length of the optical device, the virtual 
image position of the display image of the two- 
dimensional display device is varied in the depth 
25 direction. According to t.hig display device,. 

visu^il rues to depth perception, ouch as binocular 
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5 



ciisparity, convergence,^ focus of ej^ft in stereoscopy 
can be satisfied with no discrepancy and the natural 
thres-dimensional image with no phantom phenomenon 
can be reproduced eiL a high speed « 

BRIEF DESCRIPTION OP THE DRAWINGS 



The preseiit invention will bft understood more 
fully frorn the detailed description given herebelow 
10 and from the acc^^onying drawings of Lh« preferred 
ewbodi^li|bnt the iuveuLion, which, however, should 
xiot be taken to be el i mi native to the present 
invention, but are for explanation and understanding 
Only* 

15 In the drawings: 

Pag, 1 is an illustration showing jSf construction 
of one exanple of \^ conventional liquid crystal 

Fig. 2 is a chart: nhnwlna ^ relationship between 



20 



/f tocal length and an applied voltage in the device 

Fig, 3 its a chart showing ^relationship between 
a reaction period and an applied voltage in the 
device of Pig. 1; 
25 Fig. 4 ig a conceptual illustration Showing 

alignmexxt of liquid crystal xnnlennles by an 
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anchoring force of an alignment layer in the device 
of Fig. 1; 

Fig. 5 is a conceptual illustration of alignment 
of the liquid crystal molecules upon charging of 
5 voltage in the device of Pig. 1; 

Fig. 6 is an illustration showing ^construction 
of the first embodiment of an optical device 
according to the present invention; 

Fig. 7 is a chart showing ^relationship between 
10 ^ dielectric constant of ^^'tiquid crystal of Fig. 6 
and^&quency of a driving voltage; // 

Fa-S- 8 as a waveform of -ff^driving voltage of the /^-<- 
optical device of Fig. 6; 

Fig, 9 is an explanatory illustration showing 
15 sequential periodic motion of the liquid crystal of 
Fig. 6; 

Fig. 10 is a graph showing a plane distribution 
of brightness of js^ output light beam; 



20 



Figs. IIA and IIB are charts illustrating fiC 
w aveform o f -aaofeh^^driving voltage of Fig. 6; 



Fig. 12 is an illustration showing a matrix 
apparatus enploying the optical device according to 
the present invention; // / i ,^ 

Fig. 13 is an illustration showing ^ embodiment ^'"^^^ 
25 of the optical device of the present invention; 
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Fig. 14 is an illustration showing embodiment ^ 
of the optical device of Lhe present inve»Tition; if/ A 

Pig. 15 is an illustration showing ^ embbdiment f,^r 
Qt Che optical device of the preoent invention; / r y / 

Pig. 16 X8 an illustration shoM/xxig ^4 CTibodiraent f7^ h^st^ 
of the optical device of the present invention; / y A 

Fig. 17 is an illustration showing ^ CTbodiment f^'-^T 
ot the optical device of the present invention; . / / L 

Pig. 18 is an illustration showing ^ eitihodiment /-^^ /-v^j/ 
10 of the optical device of th« present invention; 

Kig. 19 is an illustration showing the second 
embodiiacnt of the optical device according to nhe 
present invention; 

j?'ig. 20 is an illustration showing a 
1^ construction employing the optical device oJC Fig. 
19; 

Fig. 21 is an illustration showing the third 
enflMdiment of the optical device according to the 
pr«eent invention; ;/^, Wo ,,jjk K^.cf^o^i >^ 1^ 

20. Fig. 22 la a wavpfoTm of aidriviTig voltage ^/~h^ 

tlie devp.ce of Figs. 13-19 and Pig. 21; / // / / 

Fig. 23 ird a WttV^IvxiA oty another driving volLuge 
^ the dc^ce of Figs. 13-19 aiuj Fig. 21; 

Fig. 24 is an llluscration showing ano^i^er 
25 con^< ^' ueti on- o f the tliird embodiment of the present 
invention? 
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Fig.. 25 is an e:?planatory illustration showing 
sequential variations of an optical property in the 
third embodiment of the optical device according to 
the present invention; ' 
5 Pigs. 26A and 26B are waveforms of a driving 

voltage for explaining the third embodiment of the 
optical device According to the present invention; 

Fig. ^7. is an illustration showing the fourth 
embodiment of the optical device according to the 
10 present invention; ,f / 

Fig, 28 is an illustration showing ajybther 
constr^tion of the fourth embodiment of the optical 
device according to the present invention; 

Fig, 29 is an illustration showing. X furtefier 
15 constrj^tion of the fourth embodiment of the optical 
device according to the present invention; 

Pig. 30 is a chart showing ^ fielationship 
between ^ appl)^d vol)^ge ^^ving voltage for 
the optical device and ^^flection angle; 
20 Fig. 31 is a chart illustrating ^^ationship 

between the applied voltage and the deflection angle 
for explaining another driving method of the optical 
device according to the present invention; 

Figs. 32a and 32B are charts illustrating a 
25 detailed relationship between the applied voltage 
and the deflection angle of Pig. 31; 



- 20 - 



803 5561 7522 



TANI&ABE 



97/01/14 19:20. P. 024 



10 



20 



Pigs. 33 to 37 are charts illustrating other 
relationships between the applied voltage and the ^ 
deflection angle; / J // 

Fig. 38 is a block diagramyshowing -a-s«ieinajk^:c- 
construction of a three-dimensional display device, 
employing t^ conventional liquid crystal shutter 
eyeglasses ; J J / 

Fig, 39 is a block diagram^ showing . a e ch o m^ ' ^i -c 

construction of t^ three-dimensional display device 

(\/ 

employing ^e conventional lenticular lens isheet; 

Fig. 40 is a block diagram^ showing a ' cch o nift^i c 
construction of a first embodinent of a three- 
dimensional display device according to the present 
invention; 

15 Fig. 41 is a graph illustrating how W focal 

length varies when a varifocal lens is driven by 
driving device of the first embodiment of the three- 
dimensional display device according to the present 
invention; 



Figs. 42a and 42B are views for explaining 



oper^ions^of the first embodiment of the three- 
dimensional display device; i J- // 

Fig. 43 is a block diagram^ showing sch^i^tic 
construction of a second embodiment of the three- 
25 dimensional display device according to the present 
invention; 
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Fig. 44 is an illustration for explaining the 
second embodiment of the three-dimensional display 
device; L A ll, 

Pig. 45 is a block diagram^ illustrating ^ 
sch^^itic construction of a third embodiment of the 
three-dimensional display device according to the 
invention; fill 

Fig. 46 is a view^ showing ^ schei^^ic 
construction of a varifocal lens of the three- 
dimensional display device; J // a, 

Fig. 47 is a view^ showing schem^ic construction 
of another embodiment . of the three-dimensional 
display device; 

Pig, 48 is an illustration showing a motion 
15 speed of an image by the, varifocal 16ns; 

Pig. 49 is a view/j showing ^ scnem^^c 
construction of a fourth embodiment of the three- 
dimensional display device according to the present 
invention; 

20 Pig. 50 is an illustration showing j^ te^sic 

operation of the fourth embodiment of the three- 
dimensional display device; / // 

Pig. 51 is a viev^ showing ^ schen^ic 
construction of a fifth embodiment of the three- 

25 diiii«msional display device according to the present 
invention; 
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Pig. 52 is an illustration showing y basic 
operation of the fifth embodiment of the three- 
dimensional display device; / 1/ , 

Fig. 53 is a view^showing ^ s/ch^tic 
construction of a sixth embodiment of the three- 
dimensional display device according to the present 
invention; 

Fig. 54 is an illustration showing 4 basic 
operation of the sixth etrtbodiment of the three- 



aimensiona± aispiay device; / // / 

Fig. 55 is a view^showing ^ sfch^j^tic 
construction of the sixth embodiment of the three- 
dimensional display device eit5>loying an optical 
system such as a lens or a mirror; 
15 Pigs. 56A to 58 are sections showing eaibodiments 

of shutter devices in the three-dimensional display 
device; 

Fig, 59 is an illustration showing ^ basic 
operation of a seventh embodiment of the three- 
20 dimensional display device; 

Pig. 60 is a perspective view showing a first 
embodiment of a head-mount display device; 

Pig. 61 is a plan view of the device of Fig. 60 * 
on a plane including^^es of an lObgenrn; i^^v^iY — 
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Figs. 62 and 63 are views showing ^ basic 
operation of the first embodiment of the head-mount 
display devices- 
Fig. 64 is a graph illustrating^ relationship 
betvJ)4n visual cues to depth perceptionj^a^ ^de^h 
percept^ly; 

Fig, 65 is a graph illustrating the 
correspondence and allowable, range of convergenee- 
and accommodation; / S // 

Fig. 66 is a view^ showing ^ schematic 
construction of a second embodiment of the head- 
mount display device; and / // 

Fig. 67 is a view^showing ^ schem^c 
construction of a modification of the second 
15 embodiment of the head-mount display device. 

DESCRIPTION OP THE PREFERRED EMBODIMENTS 



10 



20 



The present invention will be described 
hereinafter in detail l>y way of the preferred 
embodiments of the present invention with reference 
to the acconuanying drawings. In the following 
descriptions, numerous specific details are set 
forth in order to provide thorough understanding of 
25 the present invention. It will be obvious, however, 
to those skilled in the art that the present 
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invention m^y be practiced without these specific: 
details. In other instance, well-known strucnijires 
are not shown in detail in order r.n ;ivoid 
uxuiecessarily oba<?urft the gtesent invention. 



5 At tirst, the preferred eanbodiinents ol an 

optical device according to the present invention 
will be discussed hereinafter. While th« 
descriptions will be given hereinafter by way of 
enibodimente xnainly employing a fresnel lens 

10 structure as a suxface of a layer of a transparent 
material, it is evident that similar eff/^t Should 
be escpected in the cacc of a convex lens, a cuxicave 
lens, a prism array, a lens array r a lenr.ici.iTar 
l«ns, a diffraction grating or combinations thereof, 

15 i^R i?mbocliments set forth hereinafter mainly 

einploy a liquid crystal as^variable refractive index 
material, but equivalent effects should bA expected 
even when other material having frequency dependency 
In anisotropy o£ dielectric constant is used. 



Furthermore, in the following embodiments a^. 
refractive index of liquid crystal is substantially 
equal to that of the transparent material when the 
liquid crystal is aligned sxibstantially 
perpendicular to a transparent electrode. However, 
25 evia«itly^ tM similar ef^ct should be ea^ected 
even when th« refractive index of a liquid crystal 
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is sufeBtantially equal to chat of the transparent 
material wlien the liquid crystal ie aligned 
sutostantiaUy parallel to the traiisparent el«r.trode 
or whoi the liquid crysLul is aligned at a given 
angle with the transparfint electrode . 

Furthemora, in the following embodiments, the 
refractive index of the liquid crystal is 
substantially greater than that ot the transparent 
material,^ it is^ clearly possible to expect tljfe 
similar ef f,^t'V^ in the case where the refractive 
index of the liquid CiysUal Is substantially emallcr 
than that ol the transparpnt material or the cas& 
where the refractive index of the transparent 
material fallc within a variation range ot the 
15 refractive index of the li<n.jid crystal, 

(First Kmtaodiment of^ Optical device) 

Fig. 6 ehows one embodiinent of the optical 
device accordiuM to the present invention, in Pig. 
C, the optical device cenprieeo a layer 21 of a 
transparent material having a desired curved surface 
configuration and formed of- a transparent polymer, 
glass or the like, a variahLe refractive index 
material 22 formed of a transparent matericil or the 
like inr.i.uding a liquid crystal, a plurality of 
transparent electrodes 23 and 24 sandwiching the 
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transparent material layer 21 and a layer including 
the variable refractive index material 22 and formed 
of ITO or SnOx, and a driving device 25 for driving 
these molecules • 

Here, if it is intended to provide a planar 
convex lens^ variable focal length (focal length 

is positive) as o^ o)( an active optical device, and 
if refractive index of the variable tefractive 
index material 22 is substantially greater than the 
refractive index of the transparent material layer 
21, the variable refractive index material 22 may be 
formed in the shape of a convex lens. Accordingly, 
the sxirface configuration of the transparent 
material layer 21 on the side of the variable 
15 refractive index material 22 may be formed in a 
concave fresnel lens shape as illustrated. Of 
course, when the refractive index of the variable 
refractive index material 22 is substantially 
smaller than the refractive index of the transparent 
material layer 21, the surface configuration of the 
transparent material layer 21 on the variable 
refractive index material 22 side may be in the form 
of a convex fresnel lens, for example. 

In this eaibodiment, the variable refractive 
index material 22 has a refractive index anisotropy 
and a dielectric constant anisotropy. This 
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embodiment uses example in which the dielectric 
constant anisotropy A€ (= 8 II (dielectric constant in 
parallel to a longer axis of the molecule) -<£T^ 
(diolecttic cousL<mt in a direction perpendicular to 
the longer axis of the molecule)) ie positive at a 
frsQURncy fll, and the dielectric constant 
anisotropy Ac is negative aL ti frequency fl2. 
Further, tbia onbodiment uses an example in \duch ^ 
refractive indt^x anisotropy no (ordinary refractive 
index) io oubstontially eaual to Lhe refractive 
index of the transporeixL material layer 21, and/^ 
(extraordinary r«fractive index) is eubctantially 
greater than the refractive index of the transparent 
material layer 21. 
15 When an eleccrin field having a frequency fll is 

applied between the transparent electrodes 23 and 24 
frMi the driving device 25, Ae > 0. Consecruently, 
the molecules of Lhe variable refractive index 
iHttterial 22 are alicmed in parallel to jf cErootion 
20 ot the •leetrio field, nomely^^^^ei^pendiculax- to 
tho transparent electrodes 23 and 24. ilierefore, in 
view of ^ ^lationship between the transparent 
material layer 21 and the variable refractive index 
material 22, the refractive index of the variable 
25 refractive index matexieil 22 becomes Substantially 
equal to the refractive inriey of the transparent 
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material layer 21. Consequently, the light beam 26 
incident into the optical device passes 
substantially without any variation, as output light 
beam 27. 

On the other hand, when an electric field having 
a frequency fl2 is applied between the transparent 
electrodes 23 and .24 from the driving device 25, Afi< 
0. Consequently, the elements of the variable 
refractive index material 22 are aligned 
perpendicular to ^ direction of the electric field, 
namely parallel to the transparent electrodes 23 and 
24. Therefore, in view of jff. relationship between 
the transparent laaterial layer 21 and the variable 
refractive index material 22, the refractive index 
15 of the variable refractive index material 22 becomes 
greater than the refractive index of the transparent 
material layer 21. ^ Hertr, a yoillou o£; ^the variable 
refractive index material 22 becomes ^hf i flhap*^ 
a convex fresnel lens. The optical device according 
20 to this embodiment serves as a convex fresnel l^ns 
for an incident light beam 26 as a polarized light 
beam parallel to the longer axis of the molecules of 
the variable refractive index material 22, and 
converges as a output light beam 28. 
25 In this embodiment, the focal length of the lens 

c an bo varied am ong^optical ^proportloo of the 
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optical d evice rj/ by varying the refractive index u£ 
the variable xeEractive index material 22. 

in this embodimfiTit/ imliJce the prior art shown 
in Figs. 1 to 5, a force caccrtcd by the electric 
5 field 10 is mainly utilized by vatyliiHf Uie aligmaent 
of the variable refractive index inaterial 
dftpending upon difference of the frequency of the 
applied voltage. Therefore r by increasing the 
intensity of tlie elecLric fields ^ Variation speed 
10 can be exr.rfiinftly increased. 

Further, the alignment o£ the variable 
refractive index material 22 is varied by the force 
e&erted by the electric field, and the transparent 
elfiCtrode I'i is not provided on the transparent 
15 material layer 21 on the aide of the variable 

refractive index uuALwiial 22, Therefore, in either 
alignment condition of the variable retractive index 
imterial 22, the influence o£ the surface 
configuration of the transparent material layer 21 
20 becomee; mx\iii amallt^r than that in the jpridr art 

shown in Figs. 1 to 5, facilitating ^ uniform t^ 
variation ait^ij^t of the focal length. 

Since the transparent electrode 23 is uot 
provided on the transparent material layer 21 on the 
25 side of the variable r^trflnhive index material 22, 
it becomes unnecessary to form t^ layer ^ t^ 
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portion having a coinplicatG configuration, thus 
facilitating ^ fabrication process to a greater 
degree than the prior art illustrated in Pigs. 1 to 
5. 

5 Purtherroore, since the transparent electrode 23 

is not provided on the transparent material layer 21 
on the side of the variable refractive index 
loaterial 22, it becomes easy to set the distance 
between the transparent electrodes 23 and 24 

10 substantially equal, in addition, since the 
transparent material layer 21 is always present 
between the transparent electrodes 23 and 24, 
degradation of insulation, short-circuiting or the 
like which are liable to occur in the prior art of 

15 Figs. 1 to 5, can be successfully avoided. 

As set forth above, the refractive index of the 
transparent material layer and the ordinary 
refractive index (or extraordinary refractive index) 
of the variable refractive index material, such as 



20 thte liquid crystal or the like, are set to be 



25 if it is difficult to set the refractive indexes at 
substantially equal values from the viewpoint of 
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materials, or if Me materials which allow setting 
ot the refractive ^indexes at substantially equal 
va^e cannot be employed in relation with nhh*?r 
physxcal prc^Srcy {di electric constant anisotropy, 
5 refractive index anisotropy, tcnperature 

characteristics/ mixing ability with catalyst, 
toxicity tiiid so forth), it may he possible to set 
the focal length close to infinite by. correction 
made by arranging otj^r fixed focus lens ay front or 

10 back side of the device. 

Thus, this emboflitnent can increase driving 
speed in compariison with the prior art^ proyidea 
fiupericr uniformity, easlne&s of fabrication, and 
thus C2in solve the problems in driving. 

X5 Kigs, 7 to 12 sho^n^an embodiment employing a 

nematic liquid crystal as one exairple ^ Ll)^« 
embod^ent of the optical device according to the 
present invention. 

Here, as a material ohowing diel^tric consLcuxL 

20 anicotropy depending upon ^ ^r^quericy, such as^ 

variable refractive index material Hmpioyed in the 
present invantlon, there is a dual- frequency liquid 
crystal^among the nematic liquid --©^^toW-//"'^^'^ '*^' 
Pig* 7 shows ci specific exaxQple otJ^c±vLng 

23 frequency dependency of the dielectric constant 
anisotrnpy Ap. (= c ii 1) of the dual-froqucncy 
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liquid crysral , The example of the nematic liquid 
crystal ehown herein is Ac > 0 at a low frequeucy, 
becomes smaller gradually as the freaaency hfirrwnes 
hluher, and At < O at a high trequency range* Here, 
5 wTien &B > 0, the longer a^tee of the molecules of the 
dual-frequency liquid crystal are dligned along the 
electric fieldr and when < 0, the longer axes of 
thft mrtlecuies of the dual- frequency liquid crystal 
are aligned perpendicularly to the electric field, 

10 Accordingly, 1^ siiuyly varvinq the frequency, the 
refractive index of r.he duai-trequency liquid 
crystal can be varied in a oubotontially binary 
XDamier (no and n^) / and thus the refractive index 
cannot be varied sequentially. (it should be noted 

15 r.hat \t laay be possible to vary the refractive index 
by a balance of the anchoring force of the alignment 
layer and the force u£ the electric field r but this 
may encounter varloust problems as pointed out in the 
prior art.) 

20 Fig. 8 illustrates one exaxqple of* a waveform of 

the driving voltaqe which can periodically vary , the 
refractiivft index ot the dual^frequency liquid 
crystal sequentially • hn example is shown in which 
two frequencies fll (Ae > 0) and fl2 (Ae<0),at,, / . ^ 

25 which sitoB t^ Aear e di£Cm-BntiaLe d;7arft ii«p-ri- 
m the driving method in this eixkbodi^nent, a voltage 
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having a prdLmary frequency at fll and. a voltage 
having an equal canplitude to the fuimer voltage and 
having tja|fe priiuary freauency at fV). ar© applied at a 
given duty ratio and a given periods 
^ gion driven in this manner, • the moleuulee of the 

dxial- frequency liquid crystal sense and rei9pond to a 
CoLce for aligning the longer axes of the molecules 
along the electric field (upon application of the 
frequency fll) and to a force fox aligning the 
10 longer dj^t^e of the molecules perpftndicular to the 
electric fiPslcJ (upon application the frequency fl2) 
periodically, alternately. 

If there ^ no oLher constraint, thft li<iuid 
crystal shoul^ahriiptiy vary piro^rty at a pcJ^t 
switching^between the frequencies fll and f 12 aiid . 
ca^t i&^e 1^ practical analogue a L iO L i , IT Z^^U U . 

However, xn practice ^ there are ^ corns f .ra \ nl V such as 
viscosity, nongtraining terce a^ civpLal o £ Lite — 
l lfpHrl nryotal 7 ; |gucih oon^^aint may balance with the 
20 periodically^ altematinu force to permit unifom 
analogue periodic aligning motions at a high speed 
over a wide range. 

It should be appreciated that, in this driving 
method r it is ixnportant to periodically apply the 

Thagetor e , ev<aii wUa ythc electric fields at 
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Irecjuency fll and frequency fl2 are applied 
r«spe<^v©ly fj^ one time only, uniformity iuay be 
degraded or divergence )4 iiilreased to rftrJnr*?^^ 
pracLxutility^as a varifotf^l iens. By periodically 
5 applying tha frequency fll and the frequency fl2 
respect ively for a given period, Uxe foregoing 
balance may be established, and uniform operation^/ 
over tjjfe wide range become^ possible. 

A 

Pig. 9 shows one exainple of periodical 
10 sequential motions of the liquid crystal. H©re, a 
pritan shape is employftri as the surface configuration 
of t-.h« irran^arent material layer in the device 
illustrated in Pig. 6. 

Furthex', driving frequencies, t^. low 



15 



20 



frequency f l l and ttte high frequency £12 are used 
tor driving^ l±jce ^ rectangular w^e as shown in Fig, 
8. In this case, when the liquid crystal i« aligned 
perpeuOicularly to the transparent electrode, the 
refraetivp. Index of the liquid cryotal and the 
refractive index of the transparent material are 

# 

substantially equal to each Other. When the liquid 
crystal is aligned su£>stantially parallel to the 
transparent elactrode, the refractive index of the 
liquid crystal becomes greater than the refractive 
25 ijidex of the traiifipcirent material, in Fig. 9, ^ 

horizontal axis repr«R«ni:j5i a time * < 5.ii' . .» r-^ ; 

i 
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beginning ot the high frequency fl2 (standardized by 
a repetition period of fll and fl2) , cuid jjl 'vertical 
axis represents axi output light beam variation angle 
(dttviree) caused by a variation of the refractive 
5 index- 

It becomes clear from Fig. 9 that as 4 V^^^^ 
iiicx eases , the variation angle of the incident light 
beam shows behayyors close to a cine wave and thus 
can be varied analogously. Further, the r^etitibn 
10 period of two freuuencies in this exaxnple ie 

substantially Ai) ms. Prom this fact, the present 
invention eigxiificantly increases a resuuiyLioii speed 
in coaparison with several seconds achieved by the 
prior art. 

15 Fjg, 10 shows ^ 'shape of the output light beam 

in the former example (instantaneous ima^fs at a 
certain timing) . When a circular spot Hght beam is 




20 time point « Since a similar spot iioage can be 
obtained at another timing, it becarnes clear that 
the liquid crystal is making uniform alignment 
. motions over a wide range. 
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(Another Driving System of Optical device) y 
Fig. 11 shows another example of waveform ^* 
the drivina voltage which may ftftqii^T^tially vary the 
refractive indev ot the liquid crystal. Similarly, 
as^e3<plained with^Fig. 8, two frequencies 111 (zie < 
0) and fl2 (Ae > 0) at wliit;h tft4 si^s ^ Af^a^fe^^ 



differentTin Fig. 11. However, in Fig. 8,^^ltagea 
of the ±requ4nci©s fll and fl2 h^^^ng equal 
axnplitudcG^are applied at a given duty ratio and 
10 interval. Here, supply of voltage i« tcmtporarily 
stopped at a desired phase at an intermediato timing 
in the interval and subsequently resumed. 

When supply of the voltage is temporarily 
stopped, the molecniee of the dual -frequency liquid 
crystal liiiay stop at t^e inclination corresponding Lo 
the stopped phase, and maintains Uie inclined 
c^dition uxitil^ aliGmment is gradually dHeturbed by 
riUGtuatlon due to 9^ 'anchoring force of the 
aligimmit layer or temperature and so. forth. A time 
30 elapses before the disturbance of the alignment: 

occurs due to fluctuation due to^ anchoring force of 
the alignment iayer or teii5>erature and so forth. It 

nortnally takes several seconds or more. 
Accordingly, by resumina^su^j^y ^ voltage within 
25 Lliis time period, the disturbance of the alignment 
can he Irept at a suppressed condition. Furthermore # 
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such fiiMll disturbance of the alignment can be 
corrected by rcaumption of the voltage supply for 
the given Lime period. By driving thf? liquid 
crystal in the manner set forth above, it becomes 
necessary to regularly provide a given refresh time 
for correcting^ disturbance, but a high speed 



vaxricition of the refractive, index toot necessarily 



10 (Case in wlilch Optical ^evices are Arranged in 
Matrix) 



the above-described driviuq method is applied. Pig. 
12 shows a device 32, in which a pl\irality of cells 

15 31. are arranged in rnatrix form, As a driving 

sequencer at first, (1) after a given period of a 
refreshing opeuLation (periodic operation shown in 
Fig. 8), (2) voltage supply for respective cells is 
stopped at phaeeo rcopcctively corresponding Lu Lhe 

20 desired variations of the refractive indexes of 

respective cells, llien, after the given period in 
each cell, retreshing operation is resumed. By 
repeating such manner of driving, the matrix device. 
32 formed with a plurality of cells can be drivcm. 



Here, the waveform of the driving voltage is not 





device 
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rectangular wave or saw-tooth wave including the 
frequencies £11 and f 12 as primaary frequencies are 
also applicable. Fuxther, it is also pnsRibi.e to 
uiake the ainplitufle very periodically. Furthermore, 
^ this embodiment enployc two frequencies r but a 

greater nuniber of frequencies ii\iaiy be employed as a 
matter q£ ojuuree. 

Sinr.f*. the electric field ie the major factor for 
causing a change in ^ refractive index in the 

10 driving method according to this enabodiment, it 

becomes possible to further increase ^variation in 
the liquid crystal alignment condition by increasiiiy 
the anplitude of the applied volLatre. N&mely. the 
pexiod of variation of the refractive index in this 

15 driving method can be accelerated up to several ms 
to several tens ms in contrast to several ^c^j^in 
the prior art. This speed is sufficiently high €iven 
when the distance ber.wep.n the transparent electrodes 
bRcomes several hundreds pm in the constructioh 

20 shown in Fig. 6. 

-fAnDt*ft35/jRmbodiment of the Optical ^evicc) 

Pigs. 13 to 18 show another-^wdimCTt^ of the 
optical device according to the present invention. 
25 In these drawiiiqs, like portions as in the device 
shown in yig. 8 w1 ii be represented by the same 



Js 
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rftference twamGrals. Namely, reference niameral 22 
denotes s variable refractive iiuiex naterial. 
Reference numerals 23 and 24 dftnof** transparent 
electrodes. FJeterence nuicieralfi 25 and 41 denote a 
5 driving device and a transparent material layer, 
respectively. 

As set forth above, tHe variable refractive 
indfix material 22 has refractive index anisotropy 
and dielectric constant anisotropy. The dielectric 

10 constant anisotropy is that. As > 0 at the frequency 
fll and A8 <: 0 at the frequency fl2* Further, the 
refractive index aniootropy i© that nc (ordinary 
refractive indent) is substantially equaa to the 
refractive index of tha transparent material layer 

15 41, and (extraordinary refractive index) is 

substantially greater than the refractive index of 
the transparent material layer 41 , 

in the embo^^inent of Pigs, 13 to 18, when ^ 
dual -frequency driven li^|/id or^^tJxL ^ neuiaUic 

20 liquid crystal is eo^loyed as the variable 



refractive •» r^Omse^^fMi^^-i iL ^i^^^^ 



^dB9ajjc^4±^ ^idm in Fxgs. 7 to 
12^'n^ b)(uf^d. 

In Pig. 13, the surface configuration c^t tHe 
2S transparent material laynr 41 is in a .cozxvex 

lens shapA. When the frf^quency £11 ic applied, the 
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molecules; of the variable refractive index material 
22 ^ aligned in parallel to the direcLion of the 
electric field, uaiuely in a direction pfirpi^ndieular 
Lo Lhe transparent electrodes 23 and 24. Therefore, 
5 in view ot the relationship between the refractive 
index of the variable refractive ludex material 22 
and the refractive index of the transparent material 
layer 41 , the refractive index of the variable 
refractive index material 22 becomes substaaLially 

10 equal to the refractive index of the transparent 
material layer 41. Accordingly, t^e light beam 42 
incident into thie device cqbctantially passes 
therethrough to be outputted as Uie output light 
beam 43 without change. 

15 On thtt other hand, when frequency f 12 irs 

applied, the molecules of the variable refractive 

A/ ru 

index material 22 )4 allaued in the direction 
perpendicular to the electric field, namely in 
DArallel to the transparent electrodes 23 ond 24. 

20 ^erefpre, baaed upon the relationship between the 
refractive index of the variable refractive index 
material 22 and the refractive index of the 
transparent material layer 41, the refractive index 
of the variable refractive index material 22 becomes 

25 substantially greater than the refractive index of 
the transparent matftriaJ layer 41. Here, ^ person 
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th« variable refractiv© index loaterial 22 becomes 
a concave lens. Therefore, with respect to the 
incident liahL beam 42 polarized in parallol to the 
longer axis of thp molecules of the variable 
5 retractive index material 22 of this device, Uiis 
embodiment serves as a concave lens to cause an 
output light beam 44. 

AS set forth above, in the cxonple of Pig. 13, 
by varying the refractive index o£ Uxe variable 
10 refractive index material 22, the focal Length of 
the concave lens can be varied, / / / 

Fig- 14 ehowo a further embodiment of Lhe 
optical device accordinc^ to the present invention. 
Here is shown an example, in which a transparent 
15 material layer 45 having surface configuration in 
the shape of a concave lens* 

When the frequency fll is applied to this 
device, the refractive index of the variable 
refractive index material 22 becomes subs tan Lictlly 
20 equal to the refractive index of the transparent J- 
mateiicil layer 45 likewise as in tHe emJ^lment / 
shown in yig, 13. Then, the incident light beam 42 
passes therethrough and outputted as the output 
light l^eam 43 with substantially no change. 

On the other hand^ when the . frequency fl2 is 
applied, the refractive index of the variable 
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refractive index xodterial 22 becomes greater than 
the refractive indnsr ot the transparent material 
layer 45 a9 in Pig. 13. Here, since a portion of 
the variola refractive ixidex material 22 is tormed 
5 into th^ convex lens shaped configuration, this 

eiribodiment serves as convex lenc with respect to 
the incident light beam polarized in parallel to the 
longer axis of Uie molecule of the variable 
refractive indev material 22 to converge the light 

10 beam as the output light beam, 46. / 

Ihus/ in the embojaliiieuL uf Fig. 14, by varying 
the refractive index of the variable refractive 
index material 22, the focal length of the convex 
lenc can be varied, / ( j 

15 Fig. 15 shows a still further fimbo^li^ent of this 

embodiment of the optical device according to the 
present invention. Here, a transparent material 
. layer 47 having a convex f resnel leiis surface ^ 
configuxtttion is enoloyed in the <wihnr^ent of/ Pig. 

20 13. 

When the frequency fll is applied to Lhi» 
device, the refractive index of the variable 
refractive index material 22 beromee substantially 
equal to the refractive index of the transparent 
25 inaterial layer 47 likewise in Fig. 13, Then, the 
incident light beam 42 passes therethrough and ' ^ 
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outputted as the output light beam 43 with 
svibstantially no change. 

On the other hand, when the frequency fl2 is 
applied, the refractive index of the variable 
5 refractive index material 22 becomes greater than 
the refractive index of the transparent material 
layer 47 lik^se in Pig. 13. Here, since ^pok^on 
^the variable refractive index material 22 is 
formed into t^ concave fresnel lens shaped 

10 configuration, this embodjifhent serves as th^ concave 
fresnel lens for t^e light beam inc^ng wi)^ ^ 
dofloction in parallel to Uie lonflej. ti adr s o f the 
mn l er a jrlu o£ Lhfe variable ref ractiver iiiUtix luat ertsT 
to diverge the light beam^ as tj^ output light 

15 beam 48 . ^ / 

Thus, in the emb^^ent 'of Fig. 15, by varying 
the refractive index of the variable refractive 
index material 22, the focal length of the concave 
fresnel lens can be varied. m^t/ (^ic^^i^"^ 

20 Fig. 16 shows a yet further embo^^ent of the 

s^^ embo^i^ent ^ t^ optical device according to 
the present invention. Here, a transparent material 
layer 49 having a prism array like surface , -t 
configuration ils entployed in the embpdixaent <sf. Fig. 

25 13. 
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Vftien the frecjiiftTicy til is applied to this 
devic«, the refractive index of the variable 
refractive index niaterial 22 becomes substantial Ly 
equal to the xefractive index of the transparent 
5 inaterial layer 49 liJc^ise as in Pig. 13. Then, the 
incident light beam 42 passes theretlirouyh and^ 
outputted as tlie ouLput light beam 43 with 
substantially no change. 

On the other hand, when the frequency fl2 is 
10 applied, the refractive index ol the variable 

refractive index material 22 becoines greater than 
the rftfractive index of the trancparcnt material 
layer 49 lilc^se as in Pig. 13, with respect to 
t^ incident light beam polarized in parallel to the 
15 longer axis of the molecule of the variable 

refractive index material 22^ embo^^ent se^^s 

^^dett^tion^^^^^le deflc/j^inff the light 
beamM^endixi« upon the differenrft in the refractive 
indexes and .inn i nation of the prijem to doflcct the 
^0 light as t3*s output light beeua 50. . 

Thus, in the eaibo^^enL 00 Fig. 16, by varying 
the refxautive index of the variable refractive 
index material 22, the deflection angle ^ t)^e 
deflation moiycule can be varied. ^ ^^^^ 

25 Fig, 17 shows a y^t further einbp^ment tJtft- 

s^w embod^ent of the optical rtwice according to 
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the preseiiL invention. Hfir^., a transparent material 
layer hi having^ surface configuration in. the shape 
of a concave lenticular lens is employed in thfi 
embc^^taenL u£ Fiq. 13. 
5 vttien the frefriency fll is applied to this 

device, similarly to the embodiment shown in Fifl, 
13, the refractive index o£ the variable refractive 
indtix material 22 becomes substantially equal to the 
re.fractive index of the transparent material layer 

10 51. Then, the incident light beam 42 yasses 

therethrough cuid^uutputted as the output, light beam 
43 with 6UbstAnti;il ly no change. 

On the other hand, when the frequency fl2 is 
applied, the refractive index of the variable 

15 refractive index material becomes greater than 
the retractive index of the transparent material 
layer 51 as in Pig. 13 ♦ Here, since ^pur^on 
the variable refractive Index material 22 is formed 
into tbe canvMc lenticular lens shaped . 
configuration, this ^94{imQnt aconres as tla^ convex 
lenticular lens with respect Lo the incident light 
beam polarized in parallel to the longer axis of the 
molecule of the variable refractive index material 
22 to diverge the light beam as t]ai^ output light 

25 beam 52. 
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Thus, in the einbojl^mftnt ot Pig. 11, by varying 
the refractive index of the variable refractive 
index material 22, the focal lentith and diverr.ing 
angle oZ the lenticular lens ran be varied. / V 
5 Fig. 1« shows a yet further embo^i^ent of the 

optical device according to the present invention. 
Here, a transparent iiiciLerial layer 53 having a 
dilfraction grating lilce surtace configuration is 
enpioyed in the eaibo^5i£ment oi Fig* 13- 

10 When the f r€<iuency fll is applied to this 

device, the refractive index of the variable 
refractivft index material 22 becomes oubotantially 
equal to the refractive index of the transpaxeiit y 
material layer 53 dts in the emboc^ent shown in Fig. 

15 13, Then, the jticldent light beam 42 passes 

therethrough and^utputted as tho output light beam 
43 with substantially no change. 

On the other hand, when the freqtiency tl2 is 
aCDliedr r.he rnfractive index of the variable 

20 refractive index material 22 becomes greater than 
the refractive index o£ the transparent material 
Ictyer 53 as in Fig. 13. Here, since ^Cpor^^n o^ 
the variable refractive index material 22 is formed 
into the diffraction ind^ shaped configuratioUr 

25 this eznb9^2Lment serves as Ule diffraction grating 

wxLb respect to t^ incident light beam polarized in 
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parallel to Uie longer axis of t.hi? mol^<^le of the 
variable refractive index laaterial 22 to diffract 
the light beam ae /thb output light beam 54 . 

THuSr m the emboO^wt of /Fig. 18, toy varying 
the refractive index of the variable refractive 
index material 22, a difference in the refractive 
index in the diffraction grating cdxi be varied, and 
thus can vary the intensity of the diffracted light 
beam. 



(Cecond Embodiment o£ the Optical device) 

Fi9* 19 Shows anor.TiRr Avair^le of the second 
emtoodlinent of the optical device according to the 
preeent invention* In the drawing/ like cgmrponents 

15 as those in the device of Fig, 6 will bfi cienoted by 
like referenr.ft numerals. Namely, reference numeral 
21 denotes a transparent material layer/ 22 denoLes 
a varicO^le refractive index maLerial, 23 and 24 
denote Lxcuwsparent electrodes , 25 dRn^^es a driving 

20 device 61 denotes an alignment layer, ^e 

alignment layer 61 is formed of polyimide, PVA, PVB| 
inclined evaporation deposition SiO aod so forth, 
and is formed on the surface of the transparent 
en«ntrode 2d on the side of the variable refractive 

25 index matoarial 22, By procaaeing the alignment 

layer 61 by Inching meUwd ur the like, the variable 

n 
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refractive index material, the liquid crystal 

22 in this case, can be aligned in a given 
direction. 

ay r.he construction and process set forth above, 
5 in the driving condition where Lhe liguia crystal y.2 
is aligned Lo be parallel to thfi alignment layer 61, 
the liguid crystal 7.2 can be placed in^'^lniformly 
aligned condition in a wide domain region. Bet:«use 
of this, a change in the relractive index of the 

10 liquid crystal 22 can ef fiei«ntly propagate to the 
incident light beam. Further, it becomes possible 
to prevent diverting due to randciuly urientlng the 
molecules ol liyuid crystal 22 and opaquing 
resulting therefrom, 

lb By applying the alignment layer including 

polylmide, PVA, PVB, incliixed evaporation deposifion 
Sic mp. so forth on the Rurtace of the transparent 
matfirial layer 21 on the eide of the liquid crystal 
22, and providing the aligning process by a rubbing 

20 method and the like,^'Si«iiment ability of the liquid 
crystal 22 on the side of the transparent material 
layer 21 can be improved. Further, when the 
transparent material layer 21 is Cormed by a replica 
method (a mebliod for obtaining a replica ofr a die of 

25 metal, glass r plastic or the like), it is possible 
to directly align the liquid In the case of a 
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certain directiuu of peeling off of the replica, in 
this case, since it becomes unneceooary to apply a 
special layer or to fiubject the surface having 
unovcimeos to the diliaiiwttMiL process, fabrication of 
5 this device can be facild rated. 

Further, by coating a vertical aligiunent 
material on the surface of the Lraiiwarent material 
layer 21 on the side of the liquid crystal 22, the 
liQCUid crystal on the side of the transparent 

lU material layer 21 can be aligned vertically. The 
liquid crystal 22 oii Uie ^ide of the transparent 
DxaLexial layer 21 can be aligm^d to be oriented 
close to vertical by applying a material containing 
a group of fluorine or the like axid havinq a low 

15 wettability with the liquid crystal mar.erial on the 
surface of the transparent material layer 21- In 
such cases, it is sufficient to coat the layer, it 
ic not required to subject tJ^ surface having 
iinevwness to the alignment pror.A.qs*.^ fabrication o£ 

20 this device can be facilitated. 

In the optical device shown in Fig. 19/ ad the 
variable refractive index material, t^ dual- 
fxifqueacy liquid crystail may also be used, for 
exaniple. With such structtire, in the vicinity of 

25 the txansparent clcctirode, on which the aligniueuL 
layer xs arranged, the xuol^ule of the dual- 
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frequency liqiiid crystal (variable refractive index 
iTWterial) in the vicinity thereof can be aligned in 
a given orientation by carrying out aiionment 
process such as a rulibing method or the like, 
5 However, since no particular alignment process is 
applied in the vicinity of the trans pcuent material 
layer ,^ aligiiiuwut orientation of the dual- frequency 
liCMld crystal may differ from one portion to 
another portion so that the variation in the 

10 refractive index cannot saLlssfactorily propagate to 
the iiiuiaent light beam to ttwlce it difficult to 
obnflin the effect of varifooal point. 

However, even in the case of such construction, 
by maXiiig the light beam incident from hhe side 

15 where the ordering ot the liquid crystal hiae higher 
uniformity (e,g, side where the alignment layer is 
f ormed) r this problem can be solved • Namely, by 
loatchluM the polarized conditior^ of the incident 
light be»m with the alignment orientation, variation 

20 in the refractive index can effectively propagate to 
the incident light beam. a?hls is based on tJie 
opLlcal rotation property of t.be liquid crystal. 
When the alignment orientation of the molecules of 
the liquid crystal is varied toward the direction of 

25 the incident liyht beam at a lower speed in 

cuinparison with the wavelength, the polarizing 
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direction of the incident light beam is varied 
following a variation in the allgjiiUttiit orientation 
of the inoleculfss of the liauid cryRt-.n i . (For 
example, when r.hft alignment orientation of the 
5 liquid crystal ie varied counterclockwise, the 

polarizing direction of the incident light beam is 
also varied counterclockwise^ 

Therefore, even when the alignment orientation 
ie made different from one position to another 

10 position in the vicinity in the transparent material 
layer r the incident light beam may sufficiently 
sense the variation in the refractive index. 

Such^ construction can dispense with the need to 
apply a special layer or th« need to subject tjie 

15 siirtace having xmevenness to alignment process / 
thereby facilitating^fabrication of this device. 

Fig. 20 shows an enfli cidimeflt ot^ :a».'Opt=Lcal 
device . according to the isvesxtion. Namely, 
reference numerale 71 and 72 denote optical devices 

20 having the alignment layer as discussed with respect 
to Fig* 19. By arranging the alignmcmt layers in 
series in a manner such that they mutuaily intersect 
each other at right angleo siabstontially, various 
functions can be achieved irrespective of the 

25 polaxl^ing condition of the incident 1 1 ght beam. 
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Fig. 21 shows cuiyther embodiment of the optical 
device according to tha invention. Thie embodiiaent 
of r.hfi optical device coinprioca a variable 
refractive index material 81 luoued of a transpsrent 
5 material iiicluding licpiifl crystal, a plurality 
of transparent electrodes 82 and 83 sandwiching the 
variable refractive index material 81 <iuid formed of 
ITO or SnOXr and a dxivini^ device 84 for driving 
Lheye components. Here, in the embodiment of Fig. 

10 2 \ , there is shown one example of the active optical 
device which i© directed Lu pxuviding a device for 
varyincr a light beam phase. 

m the embodiment of Fig. 21, the v?suriable 
refractive index material 81 has refractive iiidcsx 

15 anisotropy and dielectric constant anisotropy. 
the dielectric constant anisotropy, Ae (= eii 
(dielectric constant in parallel to the longer axis 
o£ the loolecule) * 8 ± (dielecLric constant in an 
orientaLlun perpendlculair to the Icngnr axis of the 

20 moleculey is positive ^ t^e frequency fll^^As 
becomes negative at frequency £12, Further, 
the refractive index anisotropy, no (urdinary 
refractive index) is substantially smaller th^ ne 
(extraordinary refractive index) . ^\\ 

^.5 vniazi an electric field having a frequency ^\ is 

applied to the traneparenL electrodes 83 and 84 iTy 
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the driving device 84, Ae > 0, Thua, the molecules 
of the variable refractive index iiiaterial 81 1^ 
aligned in d direction parallel to l-.h*? electric 
field. I.e. in r.tyf orientation perpendicular to the 
5 transparent electrodoe 82 and 83. Therefore, the 
refractive index of the variable refractive index 
material 81 becomes iio^ bo that a phase shift 
associated with the incident light bccam occurs 
corresponding to a product of the refractive index 

10 and the thickness of the layer - 

On the other hand, when the driving device 84 
applies t^ electric field having a frequency ^2 to 
tho transparent electrodes 82 and 83, ^ < 0. 
Consecruently/ the xnol^ule of the variable 

15 refractive index material 81 ^ aligned 

perpendicularly to the direction of the electric 
field, i.e., in parallel Lu the transparent 
electrodes 82 and 83. ilms, the retractive index of 
the variablR refractive index material 81 becomco n^ 

20 Mj^ ^^greater than U^t i)4 zk;. There£cre, the phase 
shift o£ the Juicident liqht beam 85 become& greater 
in compaLriSOn with that at the frequency^^fSl^^^^ 

In this embodiment described above, fay varying 
the refractive index of the variable refractive 

25 index material 81, the phase Shift of the light beam 
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^ va^d d^t^g tye^ optical propyt^iee of the 
optical d ovle tg . -- ^ 

{itoothe* Driving Mechod 9^ ypticai djsvice) 
5 Figs. 22 and 23 show arni^h o r rniVinf^-imftmi^n nf ft>| ^ — 

japfei€al--devinM .atacoxfding to the invention^ 
alluotyating - mi -e xam p l e- the i driving voltage 
wav^^rm which may^ sequentially vary the optical 
property. Pig. 22 illustrates! ^ sine wave^ while 
10 Pig. 23 illustrates X rectangular wa;£Bf'*^ In this - 
--^ohGdiic^t^' a/ volt^qe vss (in Che case of the sine 
^t-waww^-or' a y^Vl^age Vrr (in case of tho rectangulcir 
^JuMweK^^ xir-wteefc a voltage Vsl U n the eaoe of tlie 

15 — r octangular wave) having t>p^ trequency f31 as tji )^ 

priiTtary frequency, and a voltage Vc2 (in the eaae a£ 
^h e gin c vavu ) ui a v o lta g e VifH (in caoG ol Llie 
^-r ectangular wavu) having t;^ frequency f32 a.<s tyf^ 
primkry freqiiATiry/tare superinposed ofl( a certain t ^ . 

voltage ratio.;, 7 / ^/✓^/A^ j/n-^^ ts^..^(f 

By drivxng ^th the drivIngvoltageB as s4t ' 
forth abuve, the molecules of the liquid crystal are 
simultaneously subject to a force for aligning the 
longer axis along the electric field (upon 
25 a£>plication of the frequency £31) and a force for 
aligiiinq the longer axis perpendinniar to the 
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electric field (upon application of the frequency 
£32) in a ratio corresponding to the foregoing 
voltage ratio. Therefore, the molecules of the 
variable refractive index loaLeAiAl 81 are aligned to 
be inclined from the electric field direction at an 
angle where the forces in opposite directions 
balance • Hierefore/ the refractive index can be 
varied sequentially at high speed. Further, the 
foregoing action may b<^ r.oTnbined with the 
constraining force of the liquid crystal ^ ^e 
cry^al there}?y to permit substantially uiilfona 
alignment «ic;tion of the lictuid crystal at a high 
speed over a wide domain region. 

Here, the waveform of driving voltage is not 
15 necessarily t^xfe sine wav« or rectangular wave and 

may be tl^ saw-toothed wave containing the foregoing 
frequencies f31 and f32 as primary frequencies- 
Further, it should be clear to provide a variation 
of the ampliLudv with time. Furthermore, two 
20 frequencies are usied in this embodiment,^ a greater 
number of frequenoico may also be used. , , 

Cince the primary factor ca^be^ refractive 
index, iu this embodiment of the driving method is 
the electric field, a higher sE>^ding can be 
achieved by increasing the ainplitudc. Namely, even 
when the distance between the transparwxt electrodes 
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is wide^in the oxd«r of several hundreds Jim, the 



dual-freq[uency liquid crystal can vary the 



refractive index at N^ccvcral tens ^ or less J-^/ 
rocponse speed. 
5 Fiqs. 24 and 25 show one exanple of the 

foregoing driving method for the optical device. In 
the drawingcj, like coinponents as in the device of 
Fig. 21 will be denoLed by the like referencfi 
numerals. Namely, reference nximeral 81 denotes the 
10 variable refractive index material. Reference 
numerals 02 and 83 denoLts LLcuiswarent; electrodes. 
84 denotes the driving device anrt 86 denotes a 
transparent material layer. 

Offae transparent material layer 86 is loxiued of a 
IS transparent polyiXier, qlass or the like with a 

desired curved surface configuration and disposed 
between the transparent electrodes. 82 and 83. 

In this embodiment, as one exaotple of Che active 
optical device, a planar convex lens wit.li^ variable 
20 focal length (focAi length is positive) is provided. 
For exai^ple, when the refractive index of the 
variable refractive index material 81 is 
substantially greater than the refractive index of 
Che transparent material layer 86, the variable 
5.5 refractive index xoatierial 81 may be formed in the 
shape of a convex lens. Accordiuqly, the surface 
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confiquration of the transparent material layer 86 
on th« f?ide of the variable refractive index 
material 81 may be in the sliape of a concavA fr^snel 
lens. Needlwws to say, if thft retractive index of 
5 the vari;^ble refractive index material 81 is 

substantially cmaller than the refractive index of 
the transparent iHttt«rial layer 86, the surface 
coiiriguration of che transparent material layer 86 
on the side of the variable refractive index 
10 material 81 may be in the sliape of a convex fresnel 
lens. 

in this embodljnent, the variable refractive 
index material 81 hae refractive index aiiisuLrupy 
and dielectric consLoixt onisotropy* As the 

15 refractive index aniaotropy, Ae > 0 at the frequency 
f'Al and Ag < 0 at the frequency f32. Further, in 
thic ombodimentr the dielecLric constant anisotropy 
ia such that n© is Bubstancially equal to thfi 
refractive indAv ot the tranflparent material layer 

20 86 and ne is substantially greater than the 

refractive index of the tr^iuaporent material layer 
86. 

Wh«n t}/$ electric field having frequency f3l ia 
applied between the transparent electrodes 82 and 83 
25 from the driving device 84, dE > 0, Consequently* 
the molecules of the variable refrartive index 
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iiidLerial 81 are aligned in parallel to the electric 
fi«.lrt, 1.©, in a direction perpendicular to Uie 
transparent electrodes 82 axid 83. Therefore, from 
the relaLiuxuship between Che refractive indexes o£ 
5 the transparent material layer 86 and the variable 
refractive index material 81, the refracLive index 
of the variable refractive index material Hi becomes 
substantially equal f.o the refractive index of the 
transparent loaterial layer 86, Accordingly, the 

10 light boom incident into this embodiment of the 
optical dtavice according to the invention, may be 
ourpunr.«ri as an output light beam 87 with 
siabstantially no change. ^ 

On the other haiid, when t^ electric field 

15 liaving fre<iiiency f32 ifi applied between the 

transparent electrodes 82 and 83 from the driving 
device 84, AC < 0. Consequently, Llie molecules of 
the variable refractive index material 81 are 
aligned perpflnrticuiar to the electric field, i.e.. in 

Ai) parallel to the traneparent electrodes 82 end 83. 
Therefore, from the relationship between the 
refractive indexes of the transparftnt material layer 
86 and of the variable refractive index material 81/ 
the refractive index of the variable refracLiv« 

25 index znaterial 81 becomes yx'^ater than the 

refractive index of the transparent maf.Arlai layer 
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86. Here, si^ n^poi^on ^ the variable 
refractive index material 81 is shaped into a convex 
freencl lens. This device serves as tjjjle^.nnwv 
freaxwl lens with respect to the light beam 85 
5 polari9!ed in parallel to the longer axis o£ the 
molecule to malcc it converge as output light 
beam 08. 

As set forth above, in this embodiment, the 
tocal length of the lene can be varied/ by varying 
10 the refractive index of the variable refractive 

iudex material 81. amongst the optical properties of 
the cpti r.a I device . 

However, as set forth above r it is not possible 
to vary the refractive index to an intermediate 
15 value between no and ne by siniply varying the^^*^^ 
freguengy, ana tnus gptica3:~ property of the - opti ^al-^ 
dev ice r such as the local length u£ Lliu l^^x^, ea migg' 

Seqn^nt-.ifll variation of the optical property of 
20 the optical device can bo obtained by applying the 
voltage V31 having the frequency f3l as^^^rimary 
frequency thereof and the voltage V32 having the 
frequency 1:32 as^ primary frequency thereof in a 
superimposing manner at a certain voltage ratio- At 
25 this time, the molecule ox the dual -frequency liquid 
crystal yk aligned in an inrlinArt orientation where 
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the forces in the upyosite clirectioTis are balanced. 
Further, the constraining force of the liquid 
crystal ^ tHj^cry^j^l is coaibined with Lhe action. 
Oct forth above/ &o Lliat uniform and high speed 
2 alignment operations of the liquid crystal bceome 
I)OSSible, thus enabling tt^ uniformly the 
optical property - 

Fig. 25 shows uue exait5)le of a sciential • 
variation in the optical property. In thio example, 

lU the surface of the transparent material layer is 
configured in the sli^pe %jL a prism. ^ horizontal 
axis represents a voltage ratio (v^'^/(V31 + V32)) of 
the volragA V31 having the frequency f31 as the 
primary frequency thereof and the voltage V32 having 

15 the frequency £31 as the primary frequency thereof. 
The vertical axis represents a variation of the 
deflection angle of the output light beam with a 
variation in the refractive index (V32/(V31 + V32)). 
From Fig* 25, it is seen that the di^fl Action angle 

20 of the output light heaioi varies a^^ge with the 

incroaee in the voltage ratio (V32/(V31 + V32))- It 
should be noted that Lhe shape of the output light 
betuu is similar to that of Fig. lO, Prom this> it 
beccMaess clear that the liquid crystal makes 

2S substantially uniform alignment actions over a wide 
range. 
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Here, the Oxiving voltage to be applied is not 
necessarily sine wavo, Needleee to say, 
rectangular wav© or eaw-tooth wave iacludiny tha 
frequencies f3l and f32 as priniary frequencifts?! are 
also applicable. Further, it is clear that the 
ainplitnde may vary with time. Furthermore, this 
embodiment employs two frequencies, but. a greater 
niixnber of frequenuiets may be also employed. 

Since the electric t-ield is a major factor for 
causing a variation in ^ refractive index in the 
driving method according Lo Lhis embodiment/ it: 
becomes possible to further accelerate the speed of 
varying the liquid crystal alignment condition by 
increasing the amplitude of the applied voltage. 
15 More specifically, Ll^ speed of several 10 ms or 
less as a response speed in the refractive index 
variation of the dual-frequency liquid crystal can 
be achieved even when the distance between the 
tronspcirent electrodes reaches severAi hundreds |iim. 
20 ifurchermcre, since the aligzunent o£ the variable 

refractive index material 81 is varied by the 
electric field and the transparent electrode 82 Is 
not provided on thie transparent material layer 86 on 
the aide ot the variable refractive indox material 
25 81^ it becomes unneoossary to form the layer on 
portions of complicated configuration* Therefore, 
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fabrication can be faciliUdted in compari f^ori with 
the conventional devica 5?hown in Figs. 1 to 5, 

Furthermore, the transparent electrode 82 is not 
provided on the transparent matexinl layer 86 On thft 
5 side of the variable refractive indftx material 81, 
i t fac i litating l ..o laate e^a substantially equal 
distance between the transparent electrodej^ 82 and 
83 ^ entire ^a^[^!L&^^Furtherittor the transparent 
material layer 86 essentially lie?? between the 
10 transparent electrodes 82 and 83, effectively L 
preventing degradation of insulation, shoiL cixy^it 
and so forth, unlike the device of Figf?. 1 to 5. 

As set forth above, in coxnparison with the prior 
arty this embodiment can cpccd up driving with 
15 uniformity^ can facilitate fabrication r and solve 
the driviii?? problem associated with the prior art, 

Y\<5. 26 shows a further ^^F^^Ai^CTt: off thf^ nrrond 
emb o li hi iur a l>£ . the op tical d e vi - cc according tu the 
invention, 

20 An exaiqple Id given in which two, frequencies f31 

signs^d^ Ate^ and t^ dual -frequency liquid cxystal 
is used as the voxiable refractive index material . 
Further, there are t^ sine w^^ ij^ used in one case 
2b ^r\<\ tne rectangular ^^uood in the other case. 
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In this einbodiiiieiit of the driving method, the 
voltage having the tre^jiieAcy £3a as the prlxnary 
fre(iuency and the voltage having the frequein;y f32 
ae the primary frequency are applied In a 
Buper imposing manner at a certain voltage ratio • in 
addition, siii^y^^ the voltage ie temporarily ^j^^ 
stopped at a certain timing and subs«ciuently re^;*^e 
- sup p ly o£ Uie volLaMe, ---' 

When SMp^ ^the voltage is teitporarily 
stopped, the molecules of the dual frequency liquid 
cryotal otop at thfe inclinatioa cuxx«Bwnding to the 



10 



stoOTed plutse, and maintain the inr.lnned condition 
ratil alignment is gradually disturbed by 
fluctuation duo to^^onchoring force of the uliginuent 

15 loyer or temperature and su forth. A time period 

isturbance of the alignment occurs 
diifi to tiuctuation due t^ anchoring force of the 
alignment layer or temperature end so forth. It ^ 
normally Lakes several seconds or tnor«, 

20 Accordingly, by resuming s^^ly ^ voltage within 
this period, Htsturbance of the alignment can be 
maintained as small as possible* Fuxtliermore^ such 
small disturbtuice of the alignment can be corrected 
by resumption of the voltage supply for a 
predetermined interval. By driving the. liquid, 
cryotal in the manner set forUi above, it becomes 
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ncccasary to regularly provide a given refresh time 



variation in the refractive index can be achieved 
vAxilo eliminating the liead constantly apply a 
5 voltage. 

This driving method is also applicable for the 
device in which a plurality of cells are arrcuiged in 
matrix form as shown iu Fig. 12- in a driving 
sequence, at first, (l) ;9fter a predetermined 

10 interval of refreshing operation (shown in Figs. 22 
and 23), (2) voltage supply to resyecLive cells Is 
stopped at pliases respectively correaponrting to the 
desired variation in the refractive indexes of 
respective cells. Then, after the predeterauned • 

15 interval in each cell, refreshing operation is 

resumed. By repeating such driving operations, the 
matrix device 32 formed with a plurality of cells 
can be driven. 



rectangular wave or saw-tooth wave including the 



also applicable. Further, it is also possible to 
provide a periodic variation in the aarplitude. 
25 Piir thermore , this embodiment eiqploys two 



fur correcting difir.nrbance, but a high speed 




frequencies f31 end f32 as primary Irequencies are 
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frequencies, yreater number of frequencies may be 
employed as a mant.^sir of course. 

Since the electric field is the major factor for 
causing the varieitioa iu Uie refractive index in the 
5 driving method accordiTig to this einbodiment, it 
becoTnes possible to further accelerate ^ speed of 
the variation in the liquid crystal cili^mment^ 
condition by increaainq the ainplitude of the applied 
voltage. More specificaJ l.y^ the period of the 

10 variation xn the refractive index in this driving 
method can be speeded up, ttActscding several IQS to 
several tens ms from several (sftny/fls has bean 
x5eBve;p^fc«w^ This dpeed is obtained vihea the 
distance between the transparent electrodes is as 

15 wide as several huiidiedtf ]m in the arrangement shown 
in Fig. 21. it ev-icient that such arrangement 
permits sufficient cpccd. 

The arrangements shown in Figs* 13 to 20 as 
described above may carry out driving op«rations by 

20 applying the driving voltage havix^ the frequency 
F31 as the primary frequency and the voltage having 
the frequency F32 as the prlmaxy frequency in a 
supwimposed manner at a certain voJtage ratio as 
. described urith respect to Pigs. 22, 23, and 25. 

25 Alternatively, the arrangements shown in Figs. 13 to 
20 a3 described above may carry out driving 
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Operations by applying the driving voltage having 
the frequency F31 as the primary trequeney and the 
voltage having the frequency P32 as the primary 
frequency in a cupcrixtposed manner at a certain 
5 voltage ratio and, further , tenporarily stopping 
supply of the voltage ac a cert^sln moment, followed 
by resuming the supply of the voltage, as descried 
with respect to Embodiment 13. 



10 (Fourth Eratodim^^nt ot the Optical device) 

The foregoing dicdiccion relate bo the 
embodiments in which two electrode&» for driving the 
variable refractive index material are both 
transparent electrodes. However, it is advantageous 

15 that one of ^ electrodes haB a mirror surface, in some 
applications, fo^ ejwiiuple, when an active mirror 
vdLxving optical property, such as ^ focal 
length, light beam deflection angle and ao forth, is 
required. -Z-L iil aiao advantagtiOU^j i^stti^ this mirror 

20 al ball mirroi^a s an aotlvo half mj rror varyin tj- 

the-ept r rnl property, cnrh a fl n f n r al I cm gth, ligh tr 

Pig^. 27 shows one embodiment of the optical 
device accorOiug to the present invention. In the 
25 drawing, lilce components as in Pig. S will be 

identified by like reference numerals. Reference 
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nxiiueral 21 denotes the LraiisparenC itiaterial layer, 

22 denotes a variable rafractive index itiaterial, 23 
denotes the transparent electrode, and 91 denotes an 
electrode. 

5 The elecLrude 91 has a mirror surtace forxned in 

place of the transparent electrode 24 in the device 
ot Pig, 6, The electrode 91 may be formed of iu«tal, 
such as on aliiminum film, cluoiiiium film or the liVe. 
lii the arrangement set. forth above, when the 

10 frecpiency fll is applied from a driving devic^ not 
shovai, the refractive index of the vajLi<iLl« 
refractive index inaterial 22 becomes substantial ly 
equal to the refraotivi^^ Index of the transparent 
material layer 21 lik^oc ae in the first 

15 embodiment- Then, t^e incideut light beam 92 

iiicideiit from the side of the transparent electrode 

23 reachftR the electrode 91 with no eubctantial 
variation, and ic reflected therefrcaa to be 
output ted from the transparent electrode 23 as an 

20 output light beam 93. 

On the other hand, when the frequency fl2 is 
applied, the incident light beam is subject tv 
optical effj^t^ such a&^lens effect* deflection 
effect and the like depending upon ^^rariation in 

25 the refractive index of the variable refractive 

index material 22 fcb re^ch the elecferwle 91, and is 
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reflected back therefrom to be again subject to 
similar optical effect to be outputted from the side 
of the trajioparent electrode 23 ad cm outDUt light, 
beam 94. 

5 Thus, in the embodiment of Pig. 18, by varying 

the refractive index of the variable refractive 
index material 22, a varifocal mirror or a variable 
deflection angle mirror can be implemented, ^ 

Fig. 'A)i shows anowier embodiment of the optical 

10 device, in this embodiment, an electrode 95 formed 
w^yh a half mlj:^^^ is used in place Of the electrode 
91 in the embodlmenn of Fig. ?7. More specifically, 
the electrode 95 has a laminated layer of an ITO 
film and a metal thin film, a mul Li-layer film of a 

15 metal Uiin film and an insulardon film and so forth, 

and passe© a paxt of the incident light beam and 

^^^^ t^^cup 
reflSc^-ar^remaining port of the incident ligliL beam. 

In the arrangement set lurth above r When the 

frequency fll is applied from a ririving device not 

20 shown, the refractive index of the variable 

refractive index material 22 becomee substantially 
equca to the refractive index of the tranfiparent 
uiaterial layer 21 as in thfi first embodiment. Then, 
the incident light beam 92 incident from the side of 

25 the tranjBparent electrode 23 passe© through to reach 
the electrode 95 with uo Bubstantial variation, a 
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part of the licjht beam 95 reaching the electrode 95 

passes through the electrode to be outputted as the 

output light beam 96a, and the remaixiixisj part of th^ 

light beam 95 is leClf^cted bacK therefrom to be 

5 outputted through the transparent electrode 23 as an 

output light beam 96b- 

On the other hand, when the £r«quency fl2 is 

applied/ the incident light beam is s?i;bject to^ 

Ay 

optical effect, fsuch as^lens effect, deflection 
lU effect or the like depending upon a variation in the 
refractive inde* of the variable ref ractivft i ndex 
material 22 and reacfliea t:h« <?lectrode 95- a?h©n, a 
parr, of the light beam passes through the electrode 
95 to be outputted as an output light beaiu 97a, ^ the 
15 remaining part of the light beam 95 is reflected 
back therefrom to be again subject to the eimilar 
optical effect to be outputted through the aide of 
the transparent electrode 23 as tui output light beam 
97b. At/f/i//<^A///fVv ^ 

20 I'hus, in this eabodiffi^^^r^by varying the 



refractive index of the variable refractive index 
material 22, t)^ varlfucal mirror and t^ variable 
deflection angle transparent optical device can be 
achieved simultaneously. Further, when the incident 
7S light beam is made incident from the side of the 

electrode 95, a varifocal laum, a simple mirror and 
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a variable deflection angle transparent optical 
device can be achieved simultaneously. / 

Fig. 29 shows a further embo^^un^t of the 
optical device according to the invention. Here, an 
5 electrode 98 formed a half mirror is employed 

in place of the transparent electrode 23 in the 
embodiment shown in Fig. 27. MOre specifically, the 
electrode 98 has a laminated layer of an ITO film 
and a metal thin film, a multi-layer film of a thin 

10 metal film and an insulation film and so forth, and 
passes a part of the incident light beam and 
reflects a reinainingf part of the incident light 
beam, like the electrode 95. 

In the arrangement set forth above, when the 

15 incident light beam 92 is made incident from the 
side of the electrode 98, o part of the light beam 
is reflected back from the electrodie 98 and a 
remaining light beam is made incident through the 
transparent material layer 21 and the variable 

20 refractive index material 22. 

At this time, wh^ the frequency fll is applied 
from a deriving device not shown, the refractive 
index of the variable refractive index material 22 
becomes substantially equal to the refractive index 

25 of the transparent material layer 21 ad in the first 
embodiment. Then, the incident light beam 92 
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10 



15 



20 



incident from the side of the transparent electrode 
23 passes through and reaches the electrode 91 with 
no substantial change, and is reflected back 
therefrom to reach the electrode 98 again. Then, a 
part of the reflected light beam is again reflected 
back from the electrode and the remaining light beam 
is outputted. The same process is repeated. 
However, in this case, since the light beam is 
subject to no optical effect, the output light beam 
92 becomes m^e reflected light beam. 

On the other hand, when the frequency fl2 is 
applied, the incident light beam is subject to>;**^ 
optical effect, such as^lens effect, deflection 
effect or the like depending upon a variation in the 
refractive index of the variable refractive index 
material 22 and reaches the eledtrode 91, and is 
reflected back therefrom. The reflected light beam 
is again subject to t^ similar optical effect and 
reaches the electrode 98. Then, a part of the 
reflected light beam is reflected back and the 
remaining is outputted therethrough. The foregoing 
process is repeated. Whenever the process is 
repeated, the reflected light beam is subject to the 
same optical effect. Therefore, the gr^/ter optical 



effect becomes, 
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10 



15 



becOT^s. Thus, the output light beam 99 subjected 
to Vl^ greater optical effect is outputted. 

Thus, xn this ewbe^^^^by varying the 
refractive index of the variable refractive index 
material 22, it becomes possible to provide a lens 
having a plurality of focal points and t^ variable 
focal points, optical devices having a plxxrality of 
deflection angles and tl^ variable deflection 
angles, or the like. At this time, the number of 
the focal points and the deflection angles to be 
achieved simultaneously can be substantially 
determined l>y adjusting >^atio of passing to 
reflecting of the electrode 98. 

(Another Driving Method 9^ the Optical device) 

In the optical device shovm in Fig. 6, with t^e 
increase of the frequency of the voltage t)^ 1^ 
ajpplied to the electrodes 23 and 24 (the frequency 
thereof >f sufficiently higher than thib f reouencv 
20 corresponding to'4 response speed of the molecules 
of the liquid crystal, i.e. the frequency to which 
the mol^ule of the liquid crystal cannot respond, 
e.g. several Hz to several tens Hz), the voltage 
reaches a level VA at which Frederick transition 
25 takes place. At t^ voltage higher than or equal to 
VA, the molecule of the liquid crystal begit^fto be 
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aligned in a perpendicular direction from the 
orientation in parallel to the electrode due to/^^ 
dielectric constant anisotropy of the mo^cule of 
the liquid crystal. By further increasing the 
5 applied voltage, the molecules of the liquid crystal 
are statistically aligned in^j perpendicular direction 
to the electrode (such given voltage is defined as 
VT) . 

Conventionally, since the liquid crystal layer 
10 is driven hy varying the voltage between the voltage 

A/ 

VT and t^ voltage lower than or equal to VA 
(normally OV) , the driving speed cannot be 
increased. In contrast, the driving method 
according to this embodiment can drive the liquid 

15 crystal layer 22 at a^d increased speed by applying 
a voltage higher than or equal to the voltage VT. 

When such high voltage is applied, the liquid 
crystal becOTies statistically unstable to cause 
electro fluid dynamic motion. Because of this, the 

20 molecules of the liquid crystal effectively sway 
between an orientation perpendicular to the 
electrode and an orientation slightly inclined from 
the perpendicular position. Such sway motions are 
made in synchronism with an interval of an applied 

25 voltage including alternating current. It should be 
noted that the liquid crystal as a v^le has a poor 
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polarizing ability, so that there is a small 
difference in swaying motion due to^^olarity of the 
voltage. Therefore, the frequency of the motion of 
the liquid crystal becomes twice the applied 
5 voltage. Further, ^ nagnitude of the swaying motion 
becomes greater in proportion withyi increase of the 
anqplitude of the applied voltage. Furthermore, 
relaxation time becomes significantly shorter than 
the static relaxation time. Therefore, the 

10 refractive index of the liquid crystal layer 22 can 
be varied at a frequency twice the applied voltage 
in synchronism therewith, thus enabling speeding up. 

As set forth above, with this embodiment, the 
optical property (such as a focal length and so 

15 forth) can be varied at a high speed periodically in 
synchronism with the applied voltage. 

Further, in this embodiment, as set forth above, 
since electrofltiid dynamic motion can be increased 
by increasing the applied voltage, the effective 

20 response speed can be advantageously increased. 
Therefore, in this embodiment, in comparison with 
the prior art, a higher speed operation can be 
achieved. 

This driving method will be discussed in detail 
25 with reference to the drawing. 
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Fig. 30 shows k behavior of the deflection angle 
when the ait5>litude of, the voltage is varied between 
A •an-appiied.jioltage-T higtSir than or equal to VT and a 
/Warcagi©:, lower or -equal to VT, e.g. about Ov as 

5 in the prior art. As one example, as the applied 
voltage, a sine wiave having a frequency of 30 Hz was 
used. The ainplitude was varied in a sine-wave^ like 
pattern, in the drawing, beh^iors of the 
deflection angle due to the variation in the 
10 amplitude of the applied voltage a^e illustrated in 



an- envelop- like representation (i.e. fine periodic 
motion of the applied voltage and the deflection 
angle represented by densely d^a^/ing lines) . 

When the liquid crystal is drivon^w i U t lowexiiiij 

J.5 ' the an^litude of the^voltage Ae at m fca appga a tfimw t^lji 

^ v which - is Oittal to OV ; lower than VT. a/ in the " ^ 
prior art, there is a problem that in the vicinity 
of the region where the amplitude of the voltage is 
small, the deflection angle ma^sTasynchronous 

20 beh^ors which a^ clearly different from the 
period of the applied voltage, in the region 
Showing asynchronous behaviorsr^ the light beam is 
significantly diverted to make ^^'^dif ficult to 
definitely determine the deflection angle. 

25 On the other hand. Figs. 31 and 32 show 

beh^iors of the deflection angle in the case where 
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th^ applied voltage is varied at t^ voltage 

anplitude greater than or equal to VT as set forth 

above. Fig. 31 is illustrated in tW*«ivelope-like 

representation as in Fig. 30, and Pig. 32 shows 

5 /) detailed correspondence between the applied voltage 

and the deflection angle. Further, the applied 

voltage was in the form of t^ sine wave having a 

frequency of 30 Hz, and its an^litude was varied in 

a-sine-wave-like pattern, 
in P 

10 As^dear from Fig. 32; by varying the amplitude 

of the voltage at the voltage higher than or equal 
to Vt, it can be appreciated that the deflection 
angle can be varied at a frequency twice the 
frequency of the applied voltage in synchronism with 

15 a period of the applied voltage. In the region 
where the voltage is higher than or equal to VT, 
even t)»jfe stepwise abrupt variation in the anplitude 
causes no disturbance in the deflection angle 
substantially, following the variation of the 

20 ait5>litude in synchronous fashion. Further, from 

Fig. 31, it is appreciated that the magnitude of the 
periodic variation in the deflection angle is 
variable depending upon the ait5>litude of the applied 
voltage, and no asynchronous behavior is included. 

25 Furthermore, when the aii%>litude of the voltage ^ / 
higher than or eopial to VT is varied as discussed^ 



- 77 - 



B03 5561 7522 



TANUABE 



97/01/M 19:40 P. 080 



Jthe fl r fit e m bo n Uinsxt^ diverting of the light beam 
can be constantly suppressed to be low. 

As set forth above, with this embodiment, high- 
speed response can be achieved. 
5 Figs. 33 to 37 show other einbodiments of this 

driving method. 3Ea- this <duJ jggimiiit> the behavior of 
t^e optical property (e.g. deflection'angle) of the 
optical device according to the present invention 
depending upon the frequency of the applied voltage 

10 (an^litude > VT) will be discussed. It should be 
noted that, as an example of the applied voltage, a 
sine wave is enployed. Figs. 33 to 36 respectively 
Illustrate beh^iors of the deflection angle at the 
frequencies of the applied voltage of 0.5 Hz, 1 Hz, 

15 3 Hz and 100 Hz. 

The deflection angle shows^ synchronous response 
even at a low frequency, i.e. 0.5 Hz, but the 
waveform of the deflection angle is not constant and 
4 distixrbed. The variation in ^ average value in one 

20 period is large. Thus, the waveform is disturbed as 
a Mmole. Furthermore, in this case, ^ large light 
beam diverting is caused^ detec^^ely. In contrast, 
in the case of 1 Hz,yj^sturbance of each waveform is 
not so large as in the case of 0.5 Hz, and^ ^rariation 

25 of the average value in one period becomes smaller. 
In the case of 3 Hz, the disturbance becomes further 
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smaller, in addition, in the case of 1 Hz and 3Hz, 
diverting of the light beam observed in the case of 
0.5 Hz, becomes extremely small. Furthermore, at 
ti^ further higher frequency, such as 100 Hz,.1aeat 
5 response waveform with quite small disturbance and 
scattering can be obtained. Therefore, in order to 
restrict disturbance of the deflection angle and 
scattering of the light beam, it is desirable to set 
the frequency of the applied voltage to be higher 

10 than or equal to 1 Hz. 

Fig. 37 illustrates^ behavior of the deflection 
angle when the frequency of the applied voltage is 
varied in a range of 5 Hz to 100 Hz^' (It should be 
noted that, siroileurly to Pigs. 30 and 31, fine 

15 periodic motion of the applied voltage and the 

deflection angle is r^resented by densely dr^^ing 
lines) . The deflection angle shows a sxibstantially 
similar magnitude of variation at the frequency of 
the applied voltage up to about 10 Hz. When the 

20 frequency becomes higher than 10 Hz, the magnitude 
is gradually reduced according to^increase in 
frequency of the applied voltage and becomes quite 
small at tjj^ frequency of about 100 Hz. . ^..^ ^ 

Accordingly, from the viewpoint of -p nm iTt?reent of ithc 

25 magnitude of vaz-iation in^ deflection angle, it is 
desirable to maintain the frequency of the applied 
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voltage to be lower than or equal to 100 Hz. 
Therefore, the frequency of the applied voltage 
according to the present invention is practical in a 
range of X Ha to 100 Hz. 
5 It Should be^ noted that, although^ this 

embodiment, t^ sine wave is used as the applied 
voltage, a similar effect can be produced even in 

the case of a rectangular wave, a triangular wave or 
OP^ f 
^periodic ot^r waves. 

10 The above described driving method is applicable 

to any of the optical devices discussed above. 

(Three-Dimensional Display Device Smploying Optical 
Device) 

dimensional display device en^ploying the , ' . ^ 

aforementioned optical de vice. 

At first, a conventional three-dimensional 
display device will be eo^plained. There has been 

20 A conventional ^ lo^/^ three-dimensional display 
device, employing liquid crystal shutter eyeglasses 
shown in Fig. 38. In the device shown in Pig. 38, 
*t first, in order to obtain a so-called binocular 
disparity image by picking up iioages of a three- 

25 dimensional object 51 in different directions, the 
image of the three-dimensional object 51 is picked 
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up by two cameras 52 and 53 positioned at a 
predetexmined interval. 

Then, two-dimensional images picked up by the 
respective cameras 52 and 53 are synthesized by an 
5 image signal conversion device 54 so that the two- 
dimensional images picked up by the cameras 52 and 
53 are arranged alternately per each field. 

The image signal conversion device 54 displays 
the synthesized two-dimensional images on a CRT 

10 display device 55, and drives a liquid crystal 
shutter on the left side of an observer 57 in ^ 
liquid crystal shutter eyeglasses 56 to be 
transparent and the liquid crystal shutter on the 
right side to be not transparent when the two- 

15 dimensional image picked up by the camera 52 is 
displayed. 

On the other hand, when the image signal 
conversion device 54 displays the two-dimensional 
iioage picked up by the camera 53 on the CRT display 

20 device 55, the image signal conversion device 54 

drives a liquid crystal shutter on the right side of 
the observer 57 in the liquid crystal shutter 
eyeglasses 56 to be transparent and the liquid 
crystal shutter on the left side to be not 

25 transparent. 



I 
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By repeating the operation set forth above, by 
the after image effect of the eye, the observer 57 
feels as if^ simultaneously looking^ the binocular 
disparity images with both eyes, to realize a three- 
5 dimensional view by binocular disparity. 

There has been known a three-dimensional display 
device not employing eyeglasses or the like, but a 
known lenticular lens sheet as shown in Fig. 39. 

In this device, similarly to the device 
10 eiqploying the liquid crystal shutter eyeglasses, at 
first, the binocular disparity images of the three- 
dimensional object 51 are picked itt> by the cameras 
52 and 53. 

Next, respectively the image signal conversion 
15 device 54 synthesizes the two two-dimensional images 
picked up by the cameras 52 and 53, to form a two- 
dimensional image in which pixels are arranged 
alternately in a horizontal direction. 

The image signal conversion device 54 displays 
20 the synthesized two-dimensional image on a matrix 
type two-dimensional display device 59, typified by 
a liquid crystal display device. 

At this time, the lenticular lens sheet 58 is 
closely fitted to the screen of the two-dimensional 
25 display device 59. Consequently, since the 
lenticular lens sheet 58 has directivity, the 
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Observer can perceive, by his left and right eyes 
only pixels of the two-dimensional images picked up 
respectively by the cameras 52 and 53 according to 
the position of the observer 57. 
5 Accordingly, the binoculeu: disparity images 

picked up at a predetermined interval can be seen by 
both eyes of the observer 57, respectively, to thus 
form a three-dimensional image by the effect of 
binocular disparity. , , ; / 

10 For example, holography is known, ^ three- ^ 

dimensional display device capable of forming a more 
natural three-dimensional image. 

"9^6 holography, pifafcs u)f interference fringes 
/I when an bbject light beam '^s^ transmitted or 

15 reflected light beam produced by irradiating the 
three-dimensional object 51 with^coh^<^t light 
beam nf high in t oLf t uLiiiy yei£unuancc radiated from a 
/i light source) and a reference light beam radiated 
from the light b^^ source intersec^^^t a 

20 predetermined angle. 

In the case of reproduction of a three- 
dimensional image, the picked-\ip interference fringe 
is read out by a light beam having a wavelength 
equal to that of the light beam used in picking up, 

25 to thus obtain a thx-ee-dimeneioxial image of the 
three-dimensional object 51. 
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In the conventional three-dimensional display- 
device employing the liquid crystal shutter 
eyeglasses, it is constantly required to wear the 
liquid crystal shutter eyeglasses. In the case of 
5 communication such as television conferences, it 
becomes difficult to see the faces of attendants t^ 
g^e awkward feeling. 

In case of the three-dimensional display device 
employing the lenticular lens sheet, the range where 
10 the binocular disparity images can be viewed by both 
eyes of the observer is quite limited. Therefore, 
the observer cannot freely select the position 
relative to the two-dimensional display device 59. 
Moreover, since the range to be observed is 
15 narrow, a plurality of people cannot observe the 
range at one time. 

Furthermore, in the three-dimensional display 
device en^loying the liquid cirystal shutter 
eyeglasses and the three-dimensional display device 
20 enploying the lenticular lens sheet, the eye of the 
observer is accommodated on the screen of the 
display device, and the accommodation is not varied 
according to the images to be displayed. 
This may cause discrepancy between the 
25 converg^ence perceived by the observer 57 and the 
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accommoclated position of the eye, thus inducing 
asthenopia . 

Further, the two-dimensional image displayed on 
the display device is fixed at the visual positions 
5 which are, in turn, determined by the positions of 
the cameras 52 and 53. TOierefore, it is not 
possible to escpress the movement. Even when the 
observer 57 moves, the image displayed on the 
display device looks to move together with the 

10 observer. This gives the observer a sense of 
incompatibility. 

In the three-dimensional display device 
ertploying tl^ holography, a coherent light beam such 
as a laser beam is required in picking-up the three- 

15 dimensional object. Further, the information amount 
to be obtained becomes huge to make it impossible to 
process the information of a moving picture at-e^j"* 
real time. 

According to the present invention, t^ three- 
20 dimensional display device enploylng the 

aforementioned optical device can solve the problems 
described above. Consequently, an object of the 
three-dimensional display according to the present 
invention is to satisfy the binoculau: disparity, 
25 convergence and accommodation and movement parallax 
as visual cues to depth perception in three- 
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dimensional vievyj without en5)ioying eyeglasses or the 
like, and to achieve moving picture displaying which 
can be re-written electrically. 

Fiirther, it is another object of the present 
S invention to provide a driving method for driving 
the three-dimensional display device vrtiieh can 
satisfy the binocular disparity, convergence and 
accommodation and movement peur^llax as visual cues 
to depth perception in three-dimensional view 

10 without employing the eyeglasses or the like, and 
can achieve moving picture displaying which can be 
re-written electrically. 

Preferred embodiments of the three-dimensional 
display device according to the present invention 

15 ' will be described hereinafter in detail with 
reference to the accompanying drawings. 

Like molecules or corresponding parts having 
like fimctions will be designated by the same 
reference numerals throughout the all figures. 

20 illustrating the three-dimensional display device 
according to the present invention. 

(First Embodiment of Three-Dimensional Display 
Device) 

25 Fig. 40 is a block diagram illustrating a 

schematic construction of the first embodiment of a 
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three-dimensional display device according to the 
present invention. In Pig. 40, reference numeral 61 
denotes a two-dimensional display device; 62, a 
varifocal lens; 63, a driving device; 64, a 
5 synchronization device; 65, a three-dimensional 
image; 66, an observer; and 67, a two-dimensional 
image. 

In Pig. 40, the two-dimensional display device 
61 is well known as a CRT (Cathode Ray .Tube), a 
10 liquid crystal display, an LED display, plasma 

display, a projector type display, a vector-scanning 
type display or the like. The varifocal lens 62 is 
the optical device as set forth above. 

The two-dimensional display device 61 is 
15 arranged inside of the focal length of the varifocal 
lens 62, namely at the position closer to the 
varifocal lens 62 than the focal length. 

The varifocal lens 62 is interposed between the 
two-dimensional display device 61 and the observer 
20 66, to vary the focal length at a predetermined 

speed according to an output, from the driving device 
63, described later. 

The driving device 63 is a known signal 
generator having a predetermined duty ratio and a 
25 predetermined period and outputting driving signals 
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Of frequencies fl2 and f22 having the same 
amplitude. 

Although this embodiment eitploys the driving 

signals of frequencies fl2 and 22 having the same 
5 amplitude as outputs from the driving device 63, it 

is may en^loy signals of frequencies having various 

amplitudes . ■ 

The synchronization device 64 is adapted to 

synchronize the focal position of the varifocal lens 
10 62 and the two-dimensional image displayed on the 

two-dimensional display device 61. For example, the 

synchronization device 64 generates a 

synchronization signal after a lapse of a delay 

period until the focal length of the varifocsJ. lens 
15 62 is varied on the basis from the output from the 

driving device. 

thred-dimensional image 65 is used for 

explaining the image to be viewed by the observer 66 

in the case where the first embodiment of the three- 
20 dimensional display device is employed. In this 

embodiment, the image is displayed as a virtual 

image. 

^es of the observer 66 represents a view 
position of the observer 66. The two-dimensional 
25 iznage 67 represents an image to be displayed on the 
two-dimensional display device 61, which is 
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generated by decomposing the three-diiaensional image 
into the two-dimensional image represented on a 
plane at predetermined intervals according to 
procedures described later. Namely, the two- 
5 dimensional image 67 are a depth san^led image. 

Pig. 41 gre^hically shows a state bf variation 
of the focal length when the vari focal lens is 
driven by the driving device in the first 
embodiment. In Fig. 41, the horizontal axis 

10 represents a driving time and the vertical axis 
represents a focal l^gth. 

It should be noted that the waveform of the 
driving signal is rectangular, as shown in Fig. 8B, 
in which a low frequency f21 (^1 > 0) and a high 

15 frequency f22 (Ael <0) are used. The refractive 

index of the dual-frequency liquid crystal (variable 
refractive index material) becomes smaller than the 
refractive index of the transparent material when 
the dual -frequency liquid crystal is erected 

20 perpendicularly to the transparent electrodes 23 and 
24. On the other hand, when the dual- frequency 
liquid crystal is disposed substantially in parallel 
to the transparent electrodes 23 and. 24, the 
refractive index of the dual- frequency liquid 

25 crystal becomes greater than tliat of the transparent 
material . 
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As a result, it is obvious from Fig. 41 that the 
focal length of the varifocal lens 12 is varied in 
an analogous sequential manner. The repetition 
frequency of the low frequency fl2 and the high 
5 frequency f22 is substantially 30 Hz. 

Accordingly, remarkably high speed operation can 
be achieved, by employing the varifocal lens in the 
above-described optical device, in coiii)arison with 
the conventional liquid crystal lens which takes 
10 several seconds for resun^ption. 

The operation of the first embodiment of the 
three-dimensional display device will be discussed 
with reference to Figs. 42A and 42B. 

Fig, 42 A is an illustration for explaining 
15 operation of the three-dimensional display device, 
and Fig. 42B is an illustration for explaining the 
two-dimensional image to be displayed on the two- 
dimensional display device 61. 

In Figs. 42A and 42B, a virtual image 68 is a 
20 two-dimensional image formed at a position 69, and a 
virtxial image 110 is a two-dimensional ■ image fomed 
at a position 111. Reference symbol dobj designates 
a distance between the varifocal lens and the two- 
dimensional display device; and din^, a distance 
25 between the varifocal lens and the imaging point of 
the virtual image. Fig. 42B shows a three- 
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dimensional image 112 and an aggregate 113 of the 
two-dimensional images. 

It should be noted that the reason- why the minus 
(-) sign is given to the distance dimg between the 
5 varifocal lens and the imaging point of the virtual 
image is that the .direction toward the observer 66 
from the varifocal lens 62 is taken to be plus (+) . 

Next/ discussion will be given on operation of 
the first embodiment of the three-dimensional 

10 display device in reference to Figs. 40, 42a and 
42B. As described above, the position (view 
position) of the two-dimensional display device is 
set at a position where the dob j is smaller than the 
focal length of the varifocal lens 62. Therefore, 

15 the two-dimensional image 67 displayed on the two- 
dimensional display device 61 is observed as a 
virtual image by the observer 66. 

At this time# conforming to the equation (1) 
below according to a paraxial theory as a theory of 

20 optics of the lens, the imaging point 69 of the 

virtual image 68 of the two-dimensional image 67 can 
be varied in the depth direction toward the imaging 
point 111 of the virtual image 110 by varying the 
focal length of the varifocal lens 62. 

25 1/dobj + 1/dimg = 1/fo (1) 
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vrtierein fo is a focal length of the varifocal 
lens 62. 

As shown in Fig, 42B, for exan^jle, the three^ 
dimensional image 112 is es^ressed as an aggregate 
5 of the two-dimensional images sampled toward the 
depth direction from the visual direction when the 
three-dimensional image 112 is picked up or 
displayed, and the respective two-dimensional linages 
are displayed on the two-dimensional display device 

10 61 in a time division manner. 

At this time, synchronization of the two- 
dimensional display device 61 and variation of the 
focal length of the varifocal lens 62 is established 
by the synchronization device 64 so that the imaging 

15 point of the two-dimensional image to be displayed 
on the two-dimensional display device 61 accords 
with the sampling position in the depth direction. 
Consequently, due to an after image effect of the 
eyes of the observer 66, the three-dimensional image 

20 65 to be displayed on the two-dimensional display 
device 61 can be observed as an aggregate (virtual 
image) of the images sampled in the depth direction 
viewed from the observer 66, 

As described above, in the first embodiment of 

25 the three-dimensional display device, an image 
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Obtained by sampling the three-dimensional image 112 
into two-dimensional images represented on the two- 
dimensional plaiie at i>redetermined intervals is 
displayed on the two-dimensional display device 61. 
5 The two-dimensional images to be displayed on the 
two-dimensional display 61 are displayed at the same 
positions as those at the time of sampling based on 
an output from the synchronization device 64 for 
generating a signal in synchronism with variation in 

10 focal length of the vari focal lens 62. Thus, on the 
basis of the foregoing equation (1) , the imaging 
point of the two-dimensional image (virtual image) 
to be displayed on the two-dimensional display 
device 61 can be varied so that the three- 

15 dimensional image 112 can be displayed as the 

virtual image 65, i.e., an aggregate of the sampled 
images in the depth direction. 

Zn the first embodiment of the three-dimensional 
display device, since the observer 66 views the 

20 three-dimensional image 65 as the aggregate of the 
virtual images sobstantially aligned in the depth 
direction. Thus, visual cues to depth perception in 
three-dimensional view such as binocular disparity, 
convergence, accommodation and movement parallax can 

25 be satisfied without causing any discrepancy, and a 
natural three-dimensional image can be realized. 
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Moreover, in the first embodiment of the three- 
dimensional display device, an amount of information 
necessary for displaying is determined according to 
the number of samples in the depth direction. 
5 Resolution in the visual direction (depth direction) 
of the human being is known to be lower than 
resolution in the vertical and horizontal 
directions. Therefore, the number of the sairples in. 
the depth direction can become greatly smaller than 
10 that required in the vertical and horizontal 

directions. According to the present invention, the 
information amount recjuired for displaying can be 
remarlcably reduced in compsurison with the 
holography. 

15 Additionally, since the information amount can 

be rema r kably reduced, the three-dimensional display 
device in the first embodiment can be applicable to 
the case of displaying, e.g.^ a moving picture, 
which must be displayed at high speed. 

20 Furthermore, since the three-dimensional display 

device in the first embodiment utilizes the normal 
lens effect by the varifocal lens 62, a coherent 
light source such as a laser beam source is not 
required as the light beam source. Furthermore, 

25 since an influence of difference of colors in the 
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two-dimensional image 67 is slight, it is easy to 
achieve color image display. 

Furthermore, since no mechanical driving portion 
is required, the three-diinensional display device in 
5 the first embodiment is advantageous in reduction of 
a weight and improvement of reliability. 

Although in this embodiment two frequencies are 
used, the number of frequencies should not be 
limited to two, and the greater nxnnber of 
10 freiQpiencies may be employed. 

(Second Embodiment of Three-Dimensional Display 
Device) 

Fig. 43 is a view showing a schematic 
15 construction of a three-dimensional display device 
in the second embodiment according to the present 
invention. In the second embodiment shown in Fig. 
43, the basic construction is the same as that of 
the three-dimensional display device in the first 
20 embodiment, and different from the first embodiment 
in that the two-dimensional display device 61 is 
arranged outside of the focal length as viewed from 
the varifocal leris 62, and that the three- 
dimensional image 112, i.e., the aggregate 113 of 
25 the two dimensional, images is displayed on the two- 
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dimensional display device 61 in a manijer invented 
in the vertical and horizontal directions 

As obvious from Fig. 43, since the two- 
dimensional display device 61 is arremged outside of 
5 the vari focal length as viewed from the vsiri focal 
lens 62 in the three-dimensional display device in 
this second embodiment, the observer 66 may view the 
three-dimensional image (real image) formed between 
the varifocal lens 62 and the observer 66. 

10 Fig. 44 is an illustration for explaining 

operation of the second embodiment of the three- 
dimensional display device. Hereinafter, 
description will be given on operation of the second 
enobodiment of the three-dimensional display device 

15 with reference to Fig, 44. 

In Fig. 44, the real image 116 is a two- 
dimensional image formed at an imaging point 117, 
and another real image 114 is a two-dimensional 
image formed at another imaging point 115. 

20 At first, as shown in Fig. 44, the imaging point 

115 of the real image 114 of the two-dimensional 
image 67 can be varied in tJie depth direction from 
the observer 66 toward the imaging point 117 of the 
real image 116 by varying the focal length of the 

25 varifocal lens 62. 
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Accordingly, similarly to the first embodiment 
as set forth above, the three-dimensional image is 
e^ressed as the aggregate 113 of the two- 
dimensional images san^led in the depth direction, 
5 and the respective two-dimensional images in the 
aggregate 113 are displayed on the two-dimensional 
display device 61 in a time division manner. 
Further, the focal lengths of the two-dimensional 
display device 61 and varifocal lens 62 are 

10 synchronized by the synchronization device 64 so 
that the imaging points of the respective two- 
dimensional images accord with the saiopling position 
in the depth direction. Thus, utilizing the after 
image effect of the human eyes, the three- 

15 dimensional image can be reproduced as an aggregate 
of the sampled images (real image) in the depth 
direction. 

Accordingly, this embodiment of the three- 
dimensional display device achieves the same 

20 advantageous result as that of the first embodiment 
of the three-dimensional display device. In 
addition, since the second embodiment of the three- 
dimensional display device can form the real image, 
it becomes possible to pick up the two-dimensional 

25 image by placing a beaded plate at the imaging 
point . 
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Otherwise, by placing a scattering plate at the 
imaging point, only the two-dimensional image at 
that position can be viewed- 



5 (Third Embodiment of Three-Dimensional Display 
Device) 

Fig. 45 is a block .diagram illustrating a 
schematic construction of a third embodiment of the 
three-dimensional display device according to the 

10 present invention. Reference numeral 151 denotes a 
projection type display; 152, a shutter; 153, a 
scattering plate; 154, an image recording and 
reproducing apparatus; and 155, a synchronization 
control device. 

15 In Fig. 45, the projection type display 151 has 

been well known. In the third embodiment, a 
plurality of displays are employed for lowering a 
d^ictlon speed of the respective projection type 
displays . 

20 The shutters 152 are provided in the respective 

projection type displays 151, for projecting images 
from each of projection type displays 151 on the 
scattering plate 153 in a time division manner. 

The scattering plate 153 is of a known type for 

25 displaying the image projected from the projection 
type display 151. For exan^le, the scattering plate 
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152 is placed within the focal length of the 
varifocal lens 62, siiiiildLxly Lo Lhe first 
embodiment . 

ifhc imago rocording and r^roduoing apparatus 
5 154 ls5 of & known type, such as a video recorder. 
The image recording and reproducing apparatus 154 
outputs an image signal to the projection type 
display 151 connected thereto on the baoic of the 
output from the synchronization control device 155. 

10 The synchronization control rtevip.G 155 controls 

operation o£ the image recording and reproducing 
apparatus so that the linage signal can be output in 
synchronism with variation in the focal length of 
the varifocal lens 157 on the basis ot the output 

15 from the driving device 63- Further, the 

synchronization control device 155 controls the 
respective shutters ib>w f^r projecting the image of 
the oelected one o£ the projection type display 151 
onto the scattering plate 153. 

20 Next, the operation of the third tuiibuaiuieiiL o£ 

the three-dimensional display device according r.o 
the present invention will be diocuseed with 
reference to Fig. 45. Similarly to the foregoing 
first embodiment, the three-dimensional image 112 

25 shown in Pig. 42B is BxprA««erl as tiae aggregate 113 
of the two-dimensional images sampled in the depth 
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direction* Thcce two-dimeneional images are 
prujecLed ia order from the projection type display 
151 an<l displayed In order on the scatcerina plate 
153 in a time division manner by the respective 
5 shutters 152. Gimultoneously, the image recording 
and reproducing apparatus 154 and the £ocal length 
of the varifocal lens 62 are synchroni zi^d snr.h that, 
the ixoaging point of each two-dimensional image 
accords with the saxrtpling position, Conse<luently, 

10 the three-dimensional imaae can be reproduced tis tm 
aggregate of the sampled images (virtu?^ i itnaffes) 
utilizing the after image effect of the human ©yeo» 

ThuS/ the same advantageous xeuulL can be 
produced ae that of the three-dimensional display 

15 devices in the foregoing embodiments* Additionally^ 
a screen size can be increased easily since the 
projection type display 151, shutter 152 and 
scattering plate 153, which all have been known. 

It should be noted that, in the third embodiment 

20 of tlie tliLee-dlmeoaiuAial display device, it is 

pnsfiihip. no place the scattering plate 153 and the 
varifocal lens 157 in a positional relationship 
similar to the second embodiment in which the 
scattering plate 153 is placed outside of Uie focal 

2B l«ngth of the varitocal lens 157 so as to achieve 
three-dimensional displaying by projecting 
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vertically and horizontally invented images (two- 
dimensional images) from the image recording and 
reproducing apparatus 154. 

46 is view showing another schematic 
S construction of the varitocal lens to be used in the 
three-dimensional display device. Reference 
numerals 161 and 162 denotes transparent electrodes; 
163, a variable refractive ind^^x: material; and 164, 
an aperture* 

10 In Fig, 46 r the transparent electrodes 161 and 

'Mi'?. hAS, been known and are formed o£ an ITO LLlia, a 
ZnOx film or the like. The apierture *ib4 is formed 
on the transparent electrode 161, as shown in Fig. 
46. 

15 iSie variable retrartive index material 163 is 

formed of a polymer dispersed liquid crystal, a 
polymer liquid crystal or the like, and its 
refractive index is varied depending upon a voltage 
applied to the transparent electrodes Ibl and , 

20 It shoxild be noted that in tho varifccal lenc in 

the third enibodiiaeut ul the tluree-diioensional 
display device, the configuration of the aperture 
164 formed on the transparent electrode 161 is 
circular. However, the shape of the aperture is not 

25 limited to be circular, and can be variable with 
respect to the direction of the light beam. For 
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instance, the aperture may be formed into a sf.rip if 
Llie focal length is varied only in one direction. 

Although the present inveixtioii made by the 
inventors has been described In riAtail and 
5 particularly in the preferred embodiments, the 
present inventiuii s^iould not be limited to these 
embodiments, but nan be modified in various ways 
without departing froa the spirit and the scope of 
the invention. 

10 i<or exainple, it is also posbible to reproduce a 

threo-diiftensio(nal imaa<? '\ rA.\ty ftmployincr a line 
depiction device 171 (such as a laser scanning 
depiction device o£ an electron beam scanning 
d^iction device) f^s^ a two-dimensional display 

15 device to express the three-dimensional image 172 as 
an' aggregate of lines or dots in place of the 
sampled Images in the depth direction, and by 
varying the focal iength of tJie varifocal lens 62 in 
accordance with the poeition o£ the lines or dot in 

20 the depth direcLlwxi by enploying the synchronisation 
device bd, sihawn in Fig. 47. 

IfhiB system is applicable to the f-oregoing 
embodiments. This system can produce the same 
advantageous results as those achieved by the 

25 foregoing emhortiments- Kurthermore , since this 

eye tern can reduce the nuxnber of components required 
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for achieving the three-dlTnensiona I display, thus 
facilitating analogous (cequential) display in the 
depth direction. 

Aecordino to the prpftp.nt: invention, the three- 
5 dimensional image ie displayed by varying the focal 
length of the varifocal lens 62 so as to vary the 
imaging point of the image (virtual image or real 
image) displayed on the two-dimensional display 
device 171 in the depth direction. Since the 

10 resolution in the depUi direction of the human being 
is markedly low at thp far position in comparison 
with that in the near position, it may be possible 
to reduce the overall information amount by 
increasing the nuniber of samples at the near 

15 position to the observer 66 and reducing the mimber 
of samples farther frOTi the observer 66. 

As illustrated in Fig* 48, it con be considered 
that thP. motion speed of the image by the varifocal 
lens is not constant in the depth direction. 

20 In this case# if the brightness of the two 

dimensional images are constant, the image where the 
motion speed is low appears brighter and the -image 
where the motion speed is high appears darker to 
make the brightness as viewed iyy the observer non 

25 uniform. 
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Therefore r it is quite useful to vary the 
briflhtnees of the two-dimensional image according to 
f.he motion speed of the variCocal lens. 

As illustrated in Pig. ^8, fnr.al Ifingth of 
5 the vorifocel lens is varied periodically between 
the position near to the eyes cuid the position far 
from the eyes. 

In such driving manner driving, there are two 
cases: (1) from the near position to the far. 
10 posinion; and (2) from the far position to the xiecui- 
position. Theee two motions are reverse 
direction, but pass through the oamo depth 
positions « 

Accordingly, by depicting different images in 
15 the caeee of (1) and (2), the three-dimensional 
display device of the present invention can be 
driven more efficiently- 

(Fourth Embodiment of Three-Dimensional Display 
20 Device) 

With the three-diioaenslonal display devices in 
the foregoing embodiments, since the two-dimensional 
images sampled in the depth direction are displayed 
in time division to be Lhua integrated into the 
25 hiiree-<limensional image by an after imacre effect, it 
is iirjjossible to avoid a phantom phenoTnenon, which 
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allows the back side or inside of the object which 
should be liidden from the observer's sight to be 
viewfid transparently. This is cm inunense obstacle 
to reproduction of the natural thrftfi-riimensional 
5 image, and is the reason why the three-dimsngional 
display devices in Lhe foregoing embodiments are 
used only tor reproducing wire frame like images. 
Hereinafter, a three-dimensional display device 
capable of avoiding the above-stated drawback will 
10 be described with reference to Figs* 49 to 59 • 
Pig- 49 ie a schemr^t'i n viAw showing a 
construction of the fourth embodiment of the three- 
dimensional display device according to the 
invention,, and Fig, BO is an illustration for 
15 explaining basic operation of the fourth embodiment 
of the three-dimensional display device for avoiding 
the phantom phenomenon. 

In Pigs. 49 and 50, rafftrence nimeral 201 
denotes a phantom three-dimensional display device; 
20 202, a shuLLex device; 202A, a shutter element of 
the flhnttftr device 202; 203, a phantom image Creal 
image}; 204, eyes of an observer; ^05, a trflnsitii tted 
light beam; 206, a blocked light beam; 207, a 
portion where blocking, scattering and reflecting 
25 functions ata AtfACted. 
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The fourth embodiment uses an exaxnple in which a 
three-diineiisiondl image is reproduced as a real 
image outside of nhe ohantom three-dimensional 
display dovice. The term "Phantom" refers to a 
5 phenomenon which allows the back side or inside of 
an object which should be hidden to be viewed 
transparently. 

AS shown in Fig. 49, the fourth embodiment o£ 
the three-dimensioiidil display device cocnprises the 
10 phantom three-diinp.nsional display device 201 and the 
ohuttcr device 202 arranged at a position inrhiriing 
the phantom three-dimensional image 203* 

The phantom chree-diiueiiaional display device 201 
is exemplified in a varifocal nhree-dimensional 
15 display device or a depth direction sampling type 
device such as a vaxi focal mirror type device, a 
vflri.fncial lens type device, an oscillation bcr«ea 
type device, a display area iayer typ© device or a 
rotary type device. The phantom three-dimensional 
20 display device 201 xeyixjduceb the phantom image 203 
by* for example, dispiaying images? sampled in the 
depth direction in a time division manner.. This 
phantom image is practically displayed with 
develojanent in the deptli direction. Therefore, 
25 although it becntneft possible to satisfy visual cues 
to depth perception in the three-dimensional view. 
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such as binocular disparity, convftrg«^.n<:!e , 
accommodation and movement parallax without any 
discrepancy, there axrises a problem that the back 
sido or insid<& to bf? hidflftn is viewed transparently* 
5 Noiticly, normally, a light beam is 

auattered/ reflected on the surface o£ a general 
three-dimensional object, and siiaultaxieously, a 
light beam from the back side is blocked. However, 
the phantom three-dimensional display device can 
10 pnly express the foiwer Cone t ion. The three- 

dimensionaJ display device as shown in FiCf. 43 is 
one exan^le of the phantom three-dimensional display 
device. . 

•ilie shutter device 202 is a device inuludinsj a 
IS guest-host liquid crystal, a polymer disperasd 
li<iuid crystal, a holographic polymer dispersed 
liquid ciysLal or the like; or a device including a 
photo reactive element in which the state of an 
imaging point is turned into a light blocking state, 
20 a light scattering state or a light reflecting atatc 
by converged light at the imaging point of a real 
image. 

Next, the bacic operation of the fourth 
embodiment of the three-dimensional display device 
25 for avoiding the phantom phenomenon will be 
discxissed with reterence Fig. 50, 
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As shown ia Fig, 50, the fourth exnbodiment of 
the three-diitieneional display device is constructed 
b/ arranging the shutter elements 202A forming the 
.qhiithftr device 202* for exanqpler in the viciiiiLy of 
5 the sampling positions in the depth direction (for 
eiiKplicity of llluatrationr only one Lb ehovm in the 
drawing) . At Lhe position corresponding to the 
image saTnpled in the depth direction in the vicinity 
of the obutter element during a period when the 

10 phantom three-dimensional image 203 behind of the 

.qhiinr.er element 202A (as viewed from the eyea 204 ol 
the obse3rver)is reproduced, th«a function to block, 
scatter or reflect the light beam is made effective 
for uiainLaiaing a transparent condition at other 

15 positions for other periods. Thu8# the light beam 
coining from behind of the shutter element (as viewed 
from the eyes 204 of the observer) con be blocked or 
attenuated. This meant? that Lhe frontal portion of 
the object biocifs thf* light beam from the back 

20 portion, and the condition where the backside of the 
object cannot be seen can be simulated. 

Accordingly, the phantom portion of the phantom 
three-dimensional image 203 can be made invisible by 
arranging the shutter elements 202A in the vicinity 

25 of Uie u^ueBS^y sampling position in the d^th 
direction. Therefore » it is possible to obtain a 
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natural three-dimensional reproduced image without 
any phantom image. 

Since Llie images san5)ied in the depth direction 
to toe supplied to the phantom three-dimensional 
5 display device 201 can be also used as information 
Lo the shutter device 202, an information amount 
required for displaying the tliree-dixoensional iaaage 
e3Gcluding the phantom Image is ecjual to that 
required for phant<aa three-dimeneional display 
10 device 201, thus preventing any increase in 
intorm«t.i on ammmt* 

Furthermore, the information amo\mt is mainly 
determined by the number o£ images sampled in the 
depth direction* Here, it has been known that the 
15 resolution ot thft human being in the depth direction 
is lower than that in the vertical and horizontal 
direction. Therefore, the number of images sampled 
in the depth direction can be remarkably reduced in 
co(ir5)arison with that in the vertical arid hori zontj^i 
20 direction* 

AccordiiwlVr the lourtli embodiment is 
advantageous In that the required infoimation amount 
can be markedly reduced in coBC5>arison with that 
required for holography and so forth. Therefore, 
25 t^e three-^dimeuBional display device in the fourth 
BTTbodimfsnt can be satisfactorily applied to the case 
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where, for example, a moving picture aujist be 
displayed at a high speed. 

Moreover, since the fourth embodiment requires 
only addition of the shutter device 202, oii 
5 influence by a color difference ot the displayed 
imago can be reduced to facilitate displaying in 
color. Further, since the fourth embodiment does 
not Include- mechanical driving portions, it is 
suitable for reduction of a weight and ijiprovement 

10 or reliability. 

Alnhough the fourth ena^odiment uses an exaiaule 
in \frtiich most of the light beam trom thft barksicie is 
blocked by the dhuttor device 202, a light blocking 
ratiu of the shutter device 202 can be set to a 

1S rlp.sired value so as to easily esgpress a semi- 

transparent or transparent three-dixoensional object 
(such as glass or transparent plastic) . 

IPitth EmbociiTn«?.nt: of ihree-uimensional uisplay 
20 Device) 

Ihe fourth ercibodiment as set forth above uses 
one. pjcample according to the present invention, in 
which the three-dimensional image is a real image. 
It is also possible to avoid the phantom phenomenon 
25 «vfi« il the three-dimensional image is a virtual 

image, in the fifth embodiment, ci description will 
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be given on a vari focal lens type device as a 
phantom thrce-dimeneional display device in which a 
ptiaiitom three-dimensional image is reproduced as a 
virtual iTn;qgft. ilie fifth embodiment of the three- 
5 dimensional display device will be discussed 
hereinafter with referencia to Pigs- 51 axid 52, 

rig. 51 is a view sbuwino a schematic 
construction of . the fifth embodiment of the three- 
dimensional display device according to the present 
10 iuvfsxitiott, and Fig* 52 is an illustration for 

Rvplaining basic operation of the fifth embodiment 
of the three-dimensional display device tor avoiding 
a phantom phenomenon. 

In Figs. 51 and 52, reference numeral 202 
15 denotes a shutter device; 202A, a shutter element of 
the shutter device 202; 204, the eyes of an 
observer; 205, a transmitted light beam; 206, the 
blocked light beam; 207, a portion wliere blocking, 
scattering and reflecting functions are effected; 
20 208, o two dimensional dioplay device; 209, the 
varifocttl lenb; 210, a phantom three-dimensional 
image (virtual image); and 211, a virtual image of 
the shutter element 202A. 

AS shown in Fig. 51, the fifth embodiment of the 
25 three-dimeriHioiiiil display device comprises the two- 
dimeniiional display device 208, a varifocal lens 
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type phantcm three-dimensional display device 
constructed of the varifocal Icno 209 r and the 
Sliutcer device 202 iiiLerposed between the varifocal 
lens 209 and the t-wo-rtiinp.nfiional disjplay device 208. 
5 The two-dimensional dieplay device 208 is, £or 

example, a CRT, A liquid crystal display, an LED 
dii^splay,. a plasma display, a projection type 
display, a line depiction type display and the like. 
For exan%>le, a laser scon depiction device, a CRT 

10 (electron beam scan deyictiua device) and the like 
can be employed. 

The varifocal I&cig 209 comprises a fixed focus 
lens, a variable refractive index xaaterial, and 
electrodes sandwiching the lens and tlie iuateria.1 

15 there between, 

Qere, the two dimensional display device 208 is 
arranged within tlie focal length of the varifocal 
ifiTifl '-^0^. Th«rafore, the image to be viewed becomes 
a virtual image. 

20 The phantom three dimensional display device 

r^roduces the virtual image by displaying the 
sampled images in the depth direction in a time 
divisi6n manner, for cxaaKple* The phantom three- 
dimensional display device uses an example shown in 

25 b'ig. 40. 
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Next, the baeic operation for avoiding the 
phantom phenomenon in the fifth embodiment of the 
r.hree -dimensional display device will be discussed 
with roforence to Fig. 52, 
5 Dnlike the fourth embodiment, in the fifth 

embodiment, it is . meaiiiuyle»s Lo place the shutter 
device 202 at the virtual image position since the 
functions of blocking^ scattering and reflecting of 
Lhe light beam cannot be effected. The light beams 
10 arft actually converged at the real imaging point. 
In contrast, the light beams look like coming tram 
the virtual image/ and are not converged actually. 

Therefore, the shutter elements 202A (only one 
is shown for aimplificacion of illustration) of the 
15 shutter device 202 is placed at a position between 
the two-dimensional display device 208 and the 
varifocal lens 209, which position ib optically 
equivalent to the virtual image position and the 
light beam actually passes. By this arrangement r 
20 Lhe shutter device 202 is also projected at the 
virrual image position by the effect of the 
varifocal lens 209. Thus, it is possible to produce 
the same advcUitageous result as that of tho fourth 
embodiment . 

. 2b Namely, at the position correspondincr to the 

san^le images in the depth direction during a period 
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wh«i the phantom three-dln\enslonal image 210 behind 
of the virtual image (211) of the shutter elements 
202A (as viewed from the observer 204) is 
reproduced/ the functioii fur blocking , scaLteriixg or 
5 reflecting the light beam is made eftective. and a 
transparent condition is maintained at other timings 
and other positions. Thus, the light beam coming 
from behind o£ the shutter element 202A (as viewed 
from the observer 204} is blocked or attenxiated for 

10 the observer. This means that the front portion of 
the object blocks the licrht beam from the reeix 
portion, and the conditirtn wtierft the backside of the 
object is invisible r can be simulated. 

Accordingly, by this embodiment, similarly to 

15 the fourth embodiment even the pseudo o£ phantom 

three-dimensional image 210, the phantom portion can 
be made invisible* Tlxus/ it is possible to obtain a 
natural tliree-dim«ui«loixal reproduced image excluding 
any phantom image. 

20 

(Sixth Embodiment of T^ee -Dimensional Display 
Device) 

In the foregoing titth embodiment, the shutter 
device is arranged at a position \^ioh is optically 
2D equivalent to the phantom three-dimensional image of 
the virtual image and in which the light beain 
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actually passes - The advantageous result of the 
present invention can be achieved by arranging the 
shutter device at a position which is optically 
equivalont to the phantom three-diinensional imago of 
5 the image aiid in which the light beam actually 
passes / irrespective of a real image or a virtual 
image of the phantom three-dimfinsionai image. 

The cixth embodiment uees an exaziple in which a 
vari focal lens type device is employed as the 

10 phantom three-dimensional display device and the 
phantom three-dimensional iznage is reproduced as a 
real image. Discussion will be given on the sixth 
embodiment of the three-dimeneioneil display device 
w4th reference to Figs. iS3 and 154. 

15 Fig* S3 is a view showing a schematic 

construction of the sixth embodiment of the three- 
dimensional display device, and Fig. 54 is an 
illustration for eacplaining the basic operation for 
avoiding a phantom phenomenon in the sixth 

20 eitiibodiiaeaL ol the three-dimensional display device* 
in i?^igs. 53 and 54, reference numeral 202 
denotes a shutter device; 202A, a shutter element of 
the shutter dcfivice 202; 203, a phantom three- 
dimensional image (real iinaqe) ; 204 r an observer; 

2b 20b, a transmitted light beam; 206, a blocked light 
beam; 207, a portion where blocking, scattering and 
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reflecting functions are effected; 208, a two- 
dimensional display device; en^ 209 # a varifocal 
lens. 

Like the fifth embodiment^ the sixth embodiment 
5 of the three-dimensional display device coxoprisea 
the vtixi£uu<:il lend Lype phanLom Lhree-dlmendluual 
display device including the two-dimensional display 
device 208 and the varifocal lens 209, and the 
shutter device 202 interposed betwe^ the two- 

10 dimensional display device 208 and the varifocal 
lens 209. as shown in Pig. 53. Here, the two- 
dimensional display device 208 and the varifocal 
len& 209 are arranged outside of the focal length of 
the varifocal lens 209 so that an image to be viewed 

15 becomes a real image, i.e., a phantom three- 
dimensional image 203. 

Although like the fifth eiubudiiiieiit, the shutter 
dAvirft yA)'A may bft arranged at a position of the 
phantom three-dimensional image 203, it can be 

20 arranged at a position which is optically equivalent 
to the phantom three-dimensional image of the 
virtual image and in which the light beam actually 
passes, as shown in Figs. 53 and 54 (only one is 
shown for sionpiification of illustration) . With 

25 chis arrangement r the shutter device 202 is also 
projected on the real image position by the effect 
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10 



.15 



20 



of the varifocal lens 209. Thus, it ie possible to 

produce the same advantageous result as that of the 
fourth <»nbodlment. 

Namely, at tlie position correspoiiOiuy to the 
aan©le images in the depth direction, during a 
period when the phantom Uiree-dimensional Image 203 



the position of tlte real image of the shutter 



reproduced, the function for blocking, scattering or 
r«f1«r.t-.ing the light beam is made effective, and a 
transparent condition is maintained at other timings 
and other positions. Thus, the lifi^t beam coming 
from behind of the ohutter element 202S. (as viewed 
from the observer 204) is blocked or attenuated for 
the observer. This means that the front portion of 
Che object: blocks the light beam Clvui Uxe xear 
portion, and the conditi<Mi where the backside of the 
object is invisible can be simulated. 

Thus, in the s^vth onibodiment, the advantageous 
result oC the present invention can be achieved by- 
arranging tJie shutter device at the position which 
is optically equivalent to the phantom three- 
dimensional image of the virtual image and in Which 
the light beam actually passes, and th« natural 



behind 




elements 2 02 A (as viewed from the observer 204} is 
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three-dimensional image without any phantom image 
can be obtained. 

For examiple, by tlm Lu^e o£ Che depth sample Lypt^ 
phantom three-diinen«;i nnal display device, when a 
5 part o£ the display device moves to the phantom 
image position, it is physically difficult to 
arrange the shutter device 202 at that position. 
Therefore, it may be possible to optically shift the 
position of the phantom three dimensional image by 

10 Rinployinq an opticcil tiyt^Lem such as a lens ox a 

mirror, and t.n arrange the 55hutter device 202 at the 
shifted position, as shown in Fig. 55, foi: example* 
Bven in this case^ it is obvdcus from the sixth 
embodiment that the advantageous result of the 

15 present invention can be sufficiently achieved. 

In this embodiment, like the three-dimensional 
image 203 shown in Fig« 53, a region where the 
three-dimensional image 203 Is reproduced can be set 
in a space where no object such as the device 

20 exists # thereby offering an advantage of reducing a 
frame canceling and the like. Here, the frame 
canceling means a ph«nomenon that if aii object 
exists within the region where the three-dimensional 
image is reproduced, the configuration and the like 

25 of the obiect may influence on the recognition 
process of a three-dimenaional image by the human 
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being sucli that th.e position ot the three- 
dimensional image is shifted by the influence of 
Dresence of the obiecL# .or Lhe three-dimensional 
imag© stick's on the nhjft<^n to vicwftd a.q the two- 
5 dimensional image; or the observer feels a strange 
feeling that the three-dimensional image moves in 
the opposite direction, when he moves his head* 
Further, in this enibodiment , since the region where 
the three-dimensional image 203 is reproduced is a 
10 mere spcicei it Is possible to advantageously arrange 
an ohj^rt. nvRT, nndftr or beside the three- 
dimensional image so as to reduce the frame 
canceling • 

15 (Embodiment of Shutter Device to be Employed in 
Fourth to Sixth Embodimento) 

An embodiiDent of the shutter device to be 
employed in the present invention will be 
illustrated in Pigs. 56A to 58. 

20 One example of the guest host liquid crystal 

element to be employed in the <shuLLer device 
shown in Figs. hfiA. and 56B. in l^ig. 56A, reference 
numeral 321 denotes a guest-host liquid crystal 
layer; 321A, a liquid crystal; 321B, a dichroic dye; 

25 322 and 323, alignment layers; 324 and 325, 
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electrodes; 326, a power sourr.fi (appli«rl vnlhag«) ; 
and 327 r a power switch. 

Asj bliowii in Fig. 56A/ the guest-host liquid 
n-rystial element comprises the auest-host llouid 
5 crystal layer 321 composed of a mixture of the 

dichroic dye (e.g. , anthraquinone type dichroic dye 
or azo type dichroic dye), the liquid crystal (e.g., 
nematic liquid crystal) «. the alignment layers 322 
and 323 ond the olccbrodoo 324 and 325 oandwichlng 

10 the guest-host liquid crystal. 

vtfhen no voltage is applied between the 
electrodes 324 and 325, the liquid crystal 321A is 
aligned in parallel to the aligxmient layers 322 and 
323 YjY anchoring force of the ali^iimeut layer 322 

15 and ArrorrHngly, the dichroic dye 321B is also 

aligned in parallel to the alignment layers r to . 
become, e.g., black and absorb the light beam. 
Therefore, the light beam coming from the backside 
is absorbed by the dye so that the intensity of the 

20 light beom to be transmitted forward can be reduced 
rmiujLL'kably . 

AS shown in irig. 56B, when a voltage higher than 
or eqpial to a threshold voltage of the liquid 
crystal 321A is applied between the electrodes 324 
25 and 325 ^ the liquid crystal 321A i» aligned 

perpendicularly to the alignment layers due to its 
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own dielectric constant anisotropy. Accordingly^ 
the dichroic dye 321B is also aligned 
perpendicularly to the ctlicnuaeut laveim, uu i:liu» 
become transparent, for ftvainplR. Thiift^ in f.hiR 
5 gucst-hcot liquid crystal element, tranaxoitting and 
blockixiy u£ Liie light beam can be switched by the 
voltage, and nh^refore, the shutter function 
required in the present invention can be realized. 
Since the present invention required only to 

10 transmit and block the light bead by the voltage, a 
similar effect can be produced by « polymer 
dispersed guest*hoet liquid crystal element/ in 
which the gue»L-hosL liquid crystal is dropwise 
dispersed In the polymer. 

15 Fig. 57 shows one embodiment ot the polymer 

dispersed liquid crystal clement to be employed in 
the shutter device. The polymer dispersed liquid 
crysta I e 1 fim«nt ooirprises a polymer dispersed liquid 
crystal layer 328, in which the liquid crystal 

20 (e.g./ nematic liquid crystal) droplets 328B ore 

dl^ersed in a transparent polymer (e«u., acr-yl type 
polymer) 328A, and electrod«R :iX4 and UZh 
sandwiching the layer 328. 

Wlien no voltage is applied between the 

25 electrodes 324 and 325, the liquid crystal droplets 
328A are oriented randomly by the anchoring force of 
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alignment of the polymer around the droplets 32 8B so 
that the light beam is scattered by birefringence of 
tlie droplets 32 8B* Theiefore/ Uhe lisht becuu coining 
from the backside is scattered hy the polymer 

5 disporcod liquid crystal , and then, its intensity Lq 
reduced. Nextr when a sufficient voltage is applied 
between the electrodes 324 and 325, the liquid 
crystal is aligned perpendicularly to the electrodes 
324 and 325 due to its own dielectric constant 

10 anisotropy so that its refrttc;tive index becomes 

SLibstantia I ly e<iual to that of thf^ polymer 'i2fiA thus 
to become transparent. Thus, in this polymer 
dispersed liquid crystal element/ transmitting and 
scattering of the light beam can be switched by the 

15 voltage. Therefore, the shutter function required 
in the present invention con be. realized. 

Sinc« Ui« presexiL iiivenLlon requires only to 
control transmitting and scattering of the light 
beam by the voltage, the similar effect may be 

20 produced by enploying a polyxner dispersed liquid 
crystals in which the polymer is dispersed within 
the liquid crystal in a network fashion « 

Fig* 58 shows one embodiment o£ a holographic 
polymer dispersed liquid crystal element to be 

25 employed in the shutter device^ The holographic 

polymer dispersed liquid crystal element con^rises a 
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holographic polymer dicperoed liquid cryotal layer 
329, in which the liquid crystal (e.g., nexnatic 
liquid cry^ital) droplets 328B arc diaperocd in a 
laminated manner in the transparent polymer (e.g., 
5 acryl type polymer) 328A, as shown in Fig, 58, and 
the electrodes 324 and 325 sandwiching the layer 
329. 

V?hen no voltage is applied between the 
electrodes 324 and 32S, the liquid crystal droplets 

10 328A are orlenued randoialy by the anciiorlng ror(;e of 
alignment of the polymer around the droplets 32 SB ro 
that the light beam is scattered by birefringence of 
the liquid crystal droplets 3283, and reflected by 
Bragg reflection of multi layer structure of the 

15 polymer laver 32 8A and the layer ot the liquid 

crystal droplets 32 SB. Therefore, the light beam 
coming from the baclcslde Is refracted to, e.g., the 
back side by the holographic polymer dispersed 
liquid crystal element 329, and the intensity of the 

20 light beam transmitted forward is markedly redueed- 
NexL, when a buriicieaL volLttye iy applied 
between the electrodes 324 and 325, the liquid 
crystal is aligned perpendicularly to the electrodes 
324 and 325 due to its own dielectric constant 

25 onisotropy so that its refractive index becomes 
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substantially equal to that Of the polymer 328A to 
thus become transparent . 

Tliu&Jr ill Lbis polymer dispersed liquid crysUctl 
«?i<am«nt:, nranRmi sfti nn And reflection of the light. 

5 beam can be switched by the voltage. Therefore, the 
shutter function required in the present invention 
can be realized. Here, it is isipc^rtant for the 
present invention to attenuate the light beam 
intensity to the observer at the front side, 

10 Tliererore/ in this element, it is not essential to 
natise mirror surface reflection, but reflection 
containing scattering factor or deflection to a 
region where the observer is not present may be 
sufficiently satisfactory. It is also clear that 

15 the light intensity to the obseirver can be reduced 
owing to a change in Bragg reflection angle by 
varying an angle of the multi-layer structure of the 
layer 32 8A polymer and the liquid crystal droplets 
layer 32 8B in the holographic high polymer dispersed 

20 liquid crystal clement ^29. 

IL Is also clearly eEIecLlve Lo employ the 
guest-host liquid crystal shown in l^ig. 56A as the 
liquid crystal portion of the high polymer dispersed 
liquid crystal and the holographic polymer dispersed 

25 liquid crystal respectively shown in Figs. 57 and 
SB, 
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(Seven til Embodiment of Three-Dimensional Display 
Dovlce) 

ilie seventh embodiment of the three-dimensional 
display device is s-ubdtantially constrxicted 
5 similarly to the foregoing fouith euibodiiaeut shown 
in Fig, 49/ and crnnprisRS hhe phantom t:hrf?R- 
dimeasion&l dieplay device for reproducing the rea.1 
image of the phantom three-dimensional image 203 and 
the shutter device 202 arranged at the positions 

10 including the phantom three-dimensional image 203. 
. Here, the shutter device 202 includes a light beom 
reactive element (e.g., a photochromic material, a 
material causing a photo structural change and a 
material containing a liquid crystal, or an element 

15 containing a liquid carystal in which nematic- 

isotropic phase transition temperature is varied by 
a photostructural change) , in which a converged 
light beam at an imaging point of a real image 
brings the imaging point into a beam shuttering^ 

20 scattering or reflecting state. 

Fig. 59 is an illustration showing the basic 
operation of the seventh embodiment of the three 
dimensional display device, as shown in Fig. b9, a 
phantom three-dimensional display device 201 

25 reproduces the phantom three-dimensional image 203 
of the real image by displaying depth saiople images 
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in a time division manner. The shutter elements 
202A forming the shutter device 202 are arranged at 
Uie positions includixng the phantom three- 
diinp.nsional image 203. When the three-dimensional 
5 image is reproduced from the front side as viewed 
from the observer, once the phantom image is 
reproduced (left of Fiq* 59), at tlie imauiny point 
of the reai image In the. shutter device 202, the 
point ic brought into a light beam blocking ^ light 

10 beam scattering or light beam reflecting state by 
nhe action of the light beam reactive elKcient (rloht 
in Fig* 59). By this, for a predetermined period 
when the phantom three-dimexisional image 203 of the 
backside (a» viewi«d £rcm the observer} portion is 

ih reproduced, the light beam coming from the phantom 
three-dimensional image of the backside (as viewed 
from the eyes 204 of the observer) is blocked or 
attenuated* This is e<iuivalent to the fact that the 
front portion of the object toioclcs the iight beam 

20 from tho roar portion. Further, the condition where 
the backside of the object is invisible can be 
successfully simulated. 

Accordingly, the seventh embodiment of the 
three-dimensional display device con make the 

25 phantom purLiuu iuvi&sible so as Lo obtain Uie 
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natural three-dimensional image without any phantom 
image. 

In the seventh entbodiment of the three- 
dimensional display device, -it is not r<?qulred to 
5 input particular information into the shutter 
device/ thus preventing an increase in required 
infonoation amount. Furthermore « it becomes 
unnecessary to drive the liquid crystal by the 
voltage • 

10 Discussion will be given on one emlxjdiiueui:. of 

the light beam reantivp Rl«m«nt. At firsr.^ th«r« is 
a photochromic material which is brought into a 
light beaiu blockixig state by irradiation of light 
bftam. a*his utilizes a phenomenon to cause isolation 

15 of, for examplet sliver fine particles by 

irradiation of light beam and return to become a 
transparent compound when the light beam is blocked. 

It is possible to switch transmission/ scattering 
and transmission/reflection of light beam by 

20 dropwise dispersing in the polymer a mixture of a 
material such as azobenzene type polymer causing a 
photos true tura I change such as a ris-trans stmnture 
veuriation by irradiation of light beam and the 
liquid crystal. Namely, the shape of the material 

25 is varied due to the photostructural change, to vary 
the alignment, condition ot the liquid crystal and 
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vary a difforonc© in rofractiv© indox botwoon the 
liquid cryscal and the polymer for switching 
transmission and scattering. Furthermore, it is 
also clear that reflection and transznission by Bragg 
5 reflection can be switched by forming the liquid 
crystal iiLixtuxB layer axid the polymer layer In a 
laminated manner. 

It is also effective to dropvrise disperse, in 
the polymer, a material containing a liquid crystal, 

10 nematic- isotropic phase transition teKtperatxjire of 
which is varied due to structural variation or 
tcjuperature variation by irradiation of light beam. 
In the nematic phase, the light beam is scattered 
due to birefringence of the material. On the other 

15 hand, in the isotropic phase, birefringence is 
eliminated so that the light beam becomes 
traiisspareEit • Fuxbhtsxuiure, iL dluu ule&LL Lhu.t 
reflenhion and transstnission by Bragg reflftction ran 
be switched by forming the liquid crystal mixture 

20 layer and the polymer layer in a laminated manner. 
Although the present invention has been 
illustrated and described with respect to the 
preferred cmbodiznentc thereof, it should be 
understood by those skilled in the art that the 

25 prosent invention is not limited to the. specific 
euibodiiu^itb' sseL Out above, and that various 
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modifications and alternations can be added thereto 
without departing from the spirit and scope of the 
present invention. 

5 (First Rmbodiment of Head-Mmmt Display device) 
Pig. 60 is a perspective view showing a 
schematic construction of a first embodiment of a 
head-mount display device according to the present 
invention, and Fig. 61 is a plan view of the device 
10 of Fig. 60, on a plane including eyes of an 
oi3server. 

xn Figs. 60 and 61, reference numerals 411R and 
411Xi denote two-dimensional display devices such as 
a CRT device, a liquid crystal display device, an EL 

15 display device, a plasma display device, a laser 

scanning type depiction device and a projection type 
display device. Reference numerals 412R and 412Ij 
denote varifocal lenses such as liauid crystal lens. 
Reference numerals 413R and 413Ij are control devices 

20 which controls the two-dimensional display devices 
411R and 41lL and the varifocal lenses 412R and 
412L. Reference numerals 414R is a right eye head- 
mount display device which comprises the two 
dimensional-display device 411R, the varifocal lens 

25 412R and the control device 413R. Reference numeral 
414D is a left eye head-mount display device which 
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coit^jrises the two-dimensTona L display device 411L, 
the varifocal lens 412L and the control device iliL, 
Reference numeral 41 3R denotes right eye; 415L, a 
left eye; and 416L, display imawes; 417, a 

5 virtual image? and S, a partition. 

The vari focal lens in the head-mount display 
devicft is the optical device set forth above in 
detail. 

As (showi in Figc. 60 and 61 r the first 

10 embodiment vZ Uhe head-mount display dcvico 

comprises the right, eye head-mount display device 
414R including the two-dimensionai display device 
411R, tlie varifocal lens 412R and the control device 
41 3R? and the left eye head-mount display device 

15 414L including the two-dimensional display device 

411L, the varifocal lene 412L and the control device 
413L, similarly to the right eye head-mount dieplay 
device 414R- The right eye head-mount display 
device 414R is worn on the right e^e 4i5K and the 

20 left eye head-mount dioplay devioo 414L is worn on 
the left eye 415L, respectively. 

With the const-.ruction set forth above* wlieiA a 
display image 416R of the two-dimensional display 
device 411R is viewed by the right eye 415R through 

7.5 the varifocal lens 412R axid a display image 416L of 
the two-dimensional display device 411ii i» viewed by 
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the l«ft eye 415L througH the varifocal lens 412R, a 
virtxial image 417 is formed. If the tocal lengths 
of the vcLLifocal lenses 41211 and 412L are varied, 
the depth position of the virtual image is varied as 
5 shown in Fig. 62. to thus form another virtual image 
418. As shown in Pig- 63, a three-dimensional image 
can be expressed as aii aggregate of two-dimensional 
images sainpled in the depth direction (hereinafter 
referred to aa "depth sampled image'). 
10 HxB depth sairpled images arc displayed in 

sequencft on the two-dimensioiuil display devices 416R 
ond 416L, and then, the control devices 413R and 
413L varies the focal lengths o£ the vari£cx:al 
lenses 412R and 412L iu conformity to the displayed 
15 images. Thus, the three-dimensional image ceui be 
expressed ao an aggregate of the sampled images to 
realize a varifocal type three-dimensional display 
device. 

In the first embodiment set forth above, tlxe^ 
20 virtual image is varied in the depth direction, in 
practice. Therelore, discrepancy between 
accommodation and the binocular diepoxiLy or 
convcrgoice, which has been caused in the 
conventional method, con be avoided. Accordingly, 
2b it is possible to satisfy accommodation, binocular 
disparity, convergence as visual cues to depth 
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perception in three-dimensiorictl >^iew, to thus 
realize a natural three-dimenftional view. 

in the first embodiment/ as th© focal lengths 
(inr.luding DOSitive and negative) of the varifocal 
5 lenses 412R and 41V.T. are made smaller/ Llit; position 
o£ the virtual image in the depth djrer.nion is more 
distant Lrom the eyes^ and the images displaced on 
the two-dimcsnsional display devices 416R and 416L 
are enlarged accordingly. In order to make the size 

10 of Uie virtual image constant # the size of the 
displayed image of the two-dimensional display 
devices 416R and a ifSi^ has CO be varied uui responding 
to motion of the focal lengths of the varifnctal 
lenses 412R tmd 412L. 

15 Since, with this nature, the viwual field 

covered by the two-dim)»isional display device 
becomes greater as the length from the eyes becomes 
longer,, it beconies possible to realize a natural 
condition similar no the visual field the human 

20 being. 

Furthermore/ since the number of * for exair^iie, 
pixels or display lines of the two-dimensional 
display devices 416R and 416L are not varied, a size 
of the pixel or a width of the display Une becomes 
25 greater as ci distance of the virtual image from the 
eyes becomes longer. However , since the visual 
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angle trom the eye is not Q;liaAged, definition of the 
image which the human being feels, will he hblCl 
unchanged. 

j?ig. 64 is a graph illustrating a relationship 
5 between visual cues of depth perceptluu Aiid depth 
perceptivity, and chows depth perceptivity 
approxiuidted from measured and calculated values 
with respect to reiBpective three-dimensional sense 
factors . 

10 Fig. 65 is a graph illustrating the 

rorrespondence and allowable range of convergence 
and accoimaodatiOTi. A central solid line <aL 45* 
represents that the convergence and accommodation 
are completely corresponded. The region in the 

15 vicinity of the 45* solid line is a range allowable 
at certain focal depth. Although the range is 
slightly different since visual acuity (e) and blur 
detection ability (5) are enployed as allowable 
levels, it is <iuite narrower Uum « binocular 

20 fuoional area of sterecscopy. The outer curve shows, 
a sort of binocular fusion limits; the solid line 
with black dots represents maximum binocular fusion 
image limit lallowabl e convergence limit) ; the 
dotted line shows a range in which a tusion linage 

25 coiidiLion is established from twin image condition 
(fusion limit); and the broken line represents 
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binocular fusion limit at. an image display time of 
0.5 sec. (convergence limit of display at a short 
period of 0.5 sec.)* with respect to the moving 
picture?, lono-period observatiua inay cause 
5 considerable fatigue by the three-dimensional effect 
out of the range indicated by the broken line. 
Ref erenne symbol MW represttiits or convergence angle? 
and D, a diopter. 

According to the present invention, when the 
10 depth sampling ie eaployed, it becomec necessary to 
define thp mimber of sampling. Here, the 
accommodation of human eyes is etfective only when 
the visual range ie short (less than or equal to 
2m), as shown in Fiq. 64. Moreover, resolution in 
15 the depth direction is relatively as low ae 1/10 or 
more of the visual range. There is also ar\ 
allowable range of the convergence angle # as 
illustratAd in Fig. 65. Therefore, iii practice, a 
natural three-dimensional image can he realized if 
20 the number of the depth oampling ranges from 20 to 
40. 

Although, in the first embodiment, tlie three- 
dimensional image is realized as an aggregate of the 
deptli »afl«>led images • It is clear that the three- 
2b dimensional imacre can be reali^^ed in various other 
ways, e.g., an aggregate of lines. 



- 134 - 



803 55G1 7522 



TAN'dABE 



07/0l/l< 23:17 P. 007 



It should be noted tbat tlvn construction shown 
in Figs. 60 and 61 is one exanpDe Which makes the 
device contpact by bending the optical path er(5>loying 
A mirror/ lens, prima or the like. 

5 

(Second Embodiment of Head-Mount Display uevice) 
Fifl, 66 shows a schematic conotructicm of a 
second emhodimant of the head-mouiiU display device 
according to the present invention, in Fig. 66, 
10 reference numerals 42 IR and 42 IL denote two- 
dijnensional displtty devices; 42 2R and 4221., 
varifocal lenses, 423K and 423Ij. control Oeviues; 
424R anA 424L, deflection devices; 425R and 425T., 
display iiniiges; and 417, a virtual image. Exan5>les 
15 of th« deflection devices 424R and 4241, are a liquid 
crystal prism, a movable mirror, a liquid prism and 
the like. The second embodimant is adapted to 
easily establish the natural correspondence between 
the convergence angle and accommodatloxi, 
20 The occond embodiment of the head-mount display 

deyice con5>riseB the two-dimcnoional display devices 
421K and 421L. the viixi£ocal lenses 422R and 422L 
and the control devices 42 3R and 42 3L for 
controlling the devices 42 IR and 42 IL and the lenses 
25 422R and 422L, as shown in Fig. 66. 
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In the head-tnoimt: display device, in oxdex to 
generate a large convergence angle as tbe dp-pr.li 
position ol a three-dimensional image approaches 
oyes, -it in n^.ce88ary to make the right and left 
5 image© observed by the right and left eyes closer to . 
the midpoint between both the eyes. Since, in the 
first embodimeixt ol the head-mount display device, 
this operation la performed by uslnq the two- 
dimensional display devices 421R and 4211., the 
10 display images are displayed closer toward the 
midpnint bfitween the riaht aiid lelL eyes, 
Therefore, control of the display images of the two- 
dimensional display dcvicec 421R and 42 IL becomes 
quite complicated* Additionally, if the convergence 
15 angle is varied significantly, it becomes nece«Bttry 
to make the two-dimensional display device greater 
iii Lhe lateral direction beyond the visual field. 

TO the contrary, in the second embodiment/ the 
right and left images in the lateral direction for 
20 forming the convergence angle are moved by the 
deflection disvices 424R and 424L- Namely, the 
operatinns of the two-dimensional display devices 
421R and 421L and the varifocal lens 422R and 422li 
are similar to those of the first embodiment . 
25 However, as the fucal lengths of the varifocal 

lenses 4^?.T? and 422L become louqex. and the virtual 
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images o£ the display images 425R and 425L ol the 
two-dimensional display devices 4V.1R and 421L 
approach closer. to the right and left oyes in the 
depth direction r the dibplay linages of the two 
5 dimeneicnal display devices 42iK and 421l approach 
toward the center position midpoint between the 
right and left eytas fay the deflection dovicee 42 4R 
and 424L. 

Consequently, in the second embodiment of the 

10 head-itioiint display device/ the two-dimeiwional 
display and the convergence angle control can be 
independently controlled with ease. i?iin2ier, the 
entire screen surfaooo o£ the two-dimensional 
display devices 42 IR and 421L can be effectively 

15 used. Namely, the convergence angle becomes small 
when the virtual image 417 is farther from the right 
and left eyes, while the convergence angle becomes 
greater when the virtual linage 417 is closer to the 
right and left eyes. Thus, the convergence aiiyle 

20 and accommodation can be easily satistied. 

Altliuugh in the second embodiment, the 
deflection devices 424R and 424L ue located closer 
to . the two-dimensional display devices 421R and 421L 
t>>«T> the varifocol Icnc 422R and 422L, However, it 

25 is clear that the same advantageous result can be 
achieved even in the case where the deflection 
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devices 42 4R and 4241* are located closer to the 
right and left eyes than the varifocal lenses 422R 
and 4221/* 

Moreover, altliough in the second embodiment as 
5 shown as Pig: bb. t.hp. deflection devices 424R and 
424L and the varifocal lensoa are provided 
separately, the same advantageous result can be, 
achieved even in the q^bh o£ variable optical 
devices 426R and 426L in which the deflection 
10 devices 424R and 424L and the varifocal lenses are 
integrated, as showii In Fig, G7. Thu«, such 
construction is qyi t« effective in making the device 
compact • 

15 INDUSTRIAL APPIilCftBILITY 

As set forth above, the optical device according 
to the present invention enables high speed 
operation by varying the frequency ul Lht; voltage to 

20 .bo applied to the variable r<?trnrtivft index material 
so as to vary its refractive index and by varying 
the optical property of the device formed together 
with the transparent material having the desired 
curved surface configuration- Furthermore, sinr« 

25 th« force of eacerted by the electric field can be 
used constantly, the operating speed con be made 
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higher by increasing t-he strength of the electric 
field. 

in the optical device according to th© present 
invention, the force exerted by the electric field 
5 can vary the refractive index of the variable 
relractive index material. Moreover, eince the 
transsparent electrodee are not provide^ on the 
transparent material layer on the side of the 
variable refractive index material, the influence of 
10 the surface configuration of the transparent 
material layer becomes small, Lo easily achieve 
nniforroity of the variation in optical property. 

Since the tranaparent electrode* are not 
provided on the transparent material layer on the 
15 side of the variable refractive index material in 
the optical device according to the present 
inveiiUion, it becomes tmnecessary to form a film on 
a portion having a complex couligaration, to thus 
facilitate fabrication. Furthermore, since the 
20 transparent clcotrodeo are not provided on tb<? 
transpar-eiiL material layer on the side of the 
variable refractive index material, the distance 
between the electrodes can be maintained 
substantially equal. Additionally, since the 
25 transparent material layer is constantly present 
between the transparent electrodes, degradation in 
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insulating, property or short-circuitiiig can be 
successfully avoided. 

FuTLher, in the optical device according to the 
presftnt invention, the relractive index of the 
5 variable refractive inrtex material is periodically 
varied according to the frequency of each voltage to 
select the ixiLexoiediate value, thereJ?y achieving 
sequential variation of the optical property. 

The optical device according to the prftsenr. 
10 invexition can maintain the dccired refractive index 
by utilizing the state utctinLaining characteristics 
of the variable retractive^ index inaterial while ttie 
voltage supply is stopped- Therefore, it becomes 
possible to voLy the refractive index at a high 
15 speed but in a non-periodic manner, 

•fflie optical device according to t-hfi present 
invention sequentially varies the refractive index 
according to a voltuyw ratio of the voltages having 
different frequencies in superimposing manner and Lo 
20 be applied to the variable refractive index 

material, so as to vary the optical property of the 
device sequentially^ enabliuy high-speed driving 
with sequential variation, amlike the conventional 
device which cannot be driven at a high speed. 
25 Furthermore, since the force exerted by the electric 
tield can be constantly used, the further speeding- 
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Up can be achieved by iiicL easing the strength of the 
electric field. 

The optical . device accordiag to the present 
invention can maintciia the desired refractive index 
5 by utilizing thft state maintaining clitLLacLeristics 
.of the variable refractive index tnatftrial while the 
voltage supply is stopped- Therefore, it becomes 
possible to vary the refractive index at a high 
gp^ed but in a non-periodic tnanner. 
10 The optical device according to the present 

invention c«ui cicliieve a uniform alignment condition 
in a wide domain region under the diiviiig condition 
where the liquid crystal is aligned in parallel to 
tlie alignment layer* ThuSr variation of the 
15 retrar.t-ive index of the liquid uiystal can be 

efficiently transferred to the incident light beam- 
in addition, ocattering of the light beam eeu$9ert hy 
the random orientation of the liquid crystal and the 
resultant cloudiness can be s^uutitibblully avoided, 
20 Furthermore, the optica l clmicft according to the 

present invention is constructed in such a manner as 
to reflect the light beam, efficiently transferring 
the variation of the refractive index of the 
variable refractive index material to the incident 
25 light beam. Further, various functions can be 

realized irrespective of the polarizing condition of 
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th<?. incidenc light beam. Therefore, various optical 
devices, such as an active mirror and a half mirrur . 
capable of vcurying the optical property can be 
realized. 

5 In addition, nhft optical device accuriiiuy Lo the 

present invention has the driving device which can 
^;onstantlY supply the voltage having the air^litxide 
greater than or equal to Lhe voltage amplitude, at 
which the liquid crygtal is effectively and 
10 statistically aligned in the frequency of the 
voltage, to thus generate an electrically 
hydrodynami c motion in the molecules ul the liquid 
crystal. Coxieequently, the direction of the 
jiiolecules c£ the liquid cryotal is oscillated 
1h between the state where the molecules of the liquid 
crystal are aligned perpendicularly or in parallel 
to the electrode and the state where the molecules 
of the liquid crystal are slightly inclined in 
synchronism with a frequency Lwicts as liigh as that 
20 o£ the applied voltage. ThArefnre, the optical 

device according to the present invention can vary 
the optical property aL a high speed, sequentially, 
periodically nnd unifoimly* Furtherroore^ since it 
becomes \izinecessary to form the ti Im into 
25 complicated surface configuration, production can be 
facilitated. 
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The three-dimensional display device accordiiiy 
to the present invention drives the iTnaging point 
ShiftiiiH portion on the baees of the driving signal 
genera t.ftfl Tnv the drlvincr portion , and the 
5 synchronizing portion updates the two-dimensional 
iuuiges to be displayed on the display portion 
sequentially in a predetenained order on the baaio 
of the output trom the driving portion. Tht^refore, 
position of the two-dimensional image to he the 
10 displayed on the display portion can be varied in 
the direri^ion of the eyes of the observer so that 
the obeervw may three-dimensionally view the two- 
dimensional images on the two-dimensional plane 
displayed on tlie display means, 
15 The three-dimensional display device according 

to the present invention can satisfy the visual cues 
to depth perception in three-dimensional view such 
an binocular disparity, c;orivergence, accommodation 
and movement parallax winhout using any eyecrlasbe» 
20 and display tho moving pictxire which can be rfl- 
written electrically. 

Otherwise, the phantCOT three-dimensional display 
device according to the present invention is 
additionally provided with the shutter device which 
25 can switch in Limewise and/or spacewisc among the 

light beam transmitting state / light beam scattering 
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State and light beam reflecting state- In the 
phantom three-dimensional display device, the 
shutter device is disposed at the position including 
th« position where the phantom three-dimensional 
5 image is reproduced- aHis three-dimeaaional display 
device aetivatco the function for hlocTcing or 
scatterinq Lhe light beam of the shutter elements of 
the shutter device when the phantom three- 
dimensional image at the baclcfiide as viewed from the 
10 observer is reproduced. As a result, many of the 
vistial cues to depth perception in three-dimensional 
view can be satisfied and the natural tlirew- 
dimensional image without any phantom phenomenon can 
be electriwlly reproduced in the form of the moving 
15 picture.. 

The head-mount display device according to tiie 
present invention, cotnprising the two-dimensional 
devices and the varifocal lenses are worn on the 
right and lett eyes of Che human being »u that the 
20 display images of the two-dimens< nnal display 

devices are observed through the varifoeaii lenses, 
and the focal lengths of the varifocal lens are 
varied for varying the position of the virtual image 
of the display image of the two-dimensional display 
25 device in Lhe depth direction. As a result, it is 
possible to reproduce the three-dimensional image 
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without any discrepancy in visual cues to depth 
perception in three-dimensional view sijr.h as 
toinocular disparity, convergence and accortmodation 
at a high speed in an electrically rewrittoble 
5 roonner. 
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WHAT IS CLATMRD IS: 

1» An optical device comprising: 

a transparent matexial layer having a desired 
5 curved surface corf iguration; 

a layer including a variable refractive index 
material having a dielectric constant aniootropy and 
having a property in vhich a sign ol a difference Ac 
in dielectric constant due to the anisotropy is 
10 reversed at driving frequencies fl and £2; 

at least two transparent electrodes arranged to 
sandwich said transparent material layer and said 
layer including said variable refractive index 
material; and 

15 ft driving device supplying a voltage incltAding 

said driving frequencies f I and f 2 between said 
transparent electrodco. 

2, An optical device as set forth in cIclLui 1, 
20 wherein caid driving device seqii«ntially applies 
voltages VI to VN having primary frequencies f 1 to 
fN (M S 2) to said traiiaparent electrodes for a 
predetermined period of time and at a predetetwiued 
interval • 
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3 . An optical device as set forth in claim 2 , 
wherein when seqiiejitially applyinq vulLages VI to VN 
having priiaary frequencies fl to fN (N-^ 2) to said 
transparent electrodes for a predetermined period of 
5 tirae arid ar. a predetermined inter val, said driving 
device temporarily suspends thft supply Of the 
voltage at a deaired phase of said interval and 
subsequently resume the supply of the voltage. 

10 4. An optical device as set torth in claim 1, 

wherein a dual -frequency liquid cryetal is enployed 
as fiaid variable refractive index material having 
the refractive index anisonropy and the dielectric 
constant anisbtropy and having a difference AE ot the. 
15 different dielectric ccnistant which is reversed at 
the driving fr^qiiencies fl and f2* 

5, An optical device ac set forth in claim 4, 
wherein a material lidving a low wettability with the 
liquid crystal is arranged at least one ul positions 
contacting said layer of the liquid cryi^tal. 

An optical device as set lorth in claiia 4, 
wherein an alignment layer for aligning the liquid 
25 cryetal in one direction is provided at l-h« surface 
uC said transparent electrode on the side of the 
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layer including the variable refractive index 
laaterial . 

7. An opr.ical device as Bk^L forth in claim 6, 
5 wherein a light is incident to a surface of sciid 
layer including the variable refractive index 
inatftrial having a inure uniform alignment « 

i/ 0. An optical device comprising a plurality of 
10 optical devices defined in claim 6, said plurality 
of opi-in;^l devices beinq arranged in series so that 
the ordering directions ot thft respective alignment 
layers ore perpendicular to each other, 

15 9, An optical device as set forth in claim 1, 
herein said two transparent eiectrodfts are 
substantially parallel transparent electrodes, 

10. An optical device as set forth in claim 1, 
20 -herein the ourface configuration of th<? transparent 
material layer on the side of said layer of the 
variable refractive index mattjxial is a convex lens, 
a concave lens, a fresnei lens, a prism array, a 
lens array, a lenticular lens or a diffraction 
25 grating, or a curved surface formed by a combination 
thereof. 
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An opt.ical device as set forth in claim 1, 
wherein one of said transparent electrodes is 
replaced with an electrode reflecting at least s 
part of a liqht incident to said one of Gaid 
5 transparent electrodes. 

12. An upLical device coirprieing! 

a layer includinq a variable refractive index 
material having dielectric constant anisotropv and 
10 having a property to reverse signs of a ditterftncfi 
Of dielectric constant Ae due to anisotropy at 
driving frequencies fl and f2? 

at least two transparent electrodes arranged to 
Biindwich said layer including oaid variable 
IS refractive index inaterial; and 

a driving device applying a voltage, in which 
voltages from VI to VM respectively having 
respective priiaaxy frequencies fl to fN (N S 3) are 
super iTnpr>sed, tetween said tran^PfctieiiL electrodes. 

20 

y 13» An optical device as set forth in claim 12, 

wherein a transparent material layer having desired 
curved surface nonf iguration is dispuBtsd between 
said at least two transparent electrodes and 

25 ttdjacent said layer including oaid variable 
refractive ixidtfx material. 
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14. An optical device as set forth in claim 13, 
wherein onf> of said transpateiiL electrodes is 
replaced with an electrode reflecting at least a 
part of a light incident to said one of said 

5 transparent electrodtss* . 

15, An optical device as. set forth in claim 12. 
wherein when applying a voltage in which voltages VI 
to VN having respective primary frequencies f 1 to fN 

10 (N S 2) are superixnposed, f?aid driving device 

temporarily suspends the supply of the voltage at a 
desired timing and subaequently resume the supply of 
the voltage. 

15 16, An uptical device as set forth in claim 12, 

wherein a dual-frecjuency liquid crystal is employed 
as said variable refractive index material having 
the refractive index anisotropy and the dielectric 
constant cuiittuLiopy and having a difference Ae of the 

20 ditt(?reTir. dielectric constant wliidi is reversed at 
the driving frequencies fl and f2* 

/ 17. An optical device as set forth in claim 16, 

wherein a material having a low wettability with the 

25 liquid oryctal is arranged at leapt one of positions 
contacting said layer of the liquid crystal. 
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/ 18. An optical device as sftt forth in claim 16, 

wherein an alignment layer for aligning the Hqwid 
cryfttal in one direction is provided on the surface 
5 of said transparent, electrode on the side y£ Uie 
layer including the variable retractive index 
material . 

19. An optical device as. Sftt forth in claim 18, 
10 wherein a light is incident to a surface of said 
layer Includina tlte variable refractive index 
material having a more uniform aliyiuu«iit. 

y 20. All optical device cwprioing a plurality of 
15 optical devices defined in claim 18, said plurality 
of optical devices being arranged in series so tliat 
the ordering dircsctions o£ the respective aHgnmejtit 
layers axe perpendicular to each othor. 

20 21. An optical device as sfit forth in claim 12, 
wherein said two transparent electrodes are 
substantially TJaiallel transparent electrodes. 

22. An optical device as set ^-orth in claim 12, 
25 wherein the surface configuration of the transparent 
material layer on the side of said loycr of the 
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variable refractive index mat^siial is a convex lens, 
a concave lens, a fresnel lens, a prism array, a 
leas array, a lenticular lens or a diffraction 
grating r or a curved surface formed by a coiobination 
5 tbereot - 

23. Aii optical device cons>rioing; 

a Layer of transparent ludiLerial having a desired 

curved surface configuration; 
10 a layer including a variable refractive index 

material having a positive or negative dielectric 

constant anisotropy; 

at least two transparent electrodes arranged to 

sandwluh said layer of the tranoparent tnaterial and 
15 said layer including thti variable refractive index 

material r and 

a driving device for always supplying a voltage 

substantially equal to or greater than an aitplitude 

of a voitrtg^^ establishing static and vertical 
20 alignment in said variabJi? rftfrar.tive index 

material • 

24. An optical device as set forth In claim 23 r 
wherein said voltage from said driving device is an 
25 AC voltage having a primary frequency in a range of 
1 HZ to 100 Hz- 
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25. An optical device as a«t. forth in claim 23, 
wherein said variable refractive index material is 
nematic litaiid crystal. 

5 26. An optical device as set torth in claim 23, 

wherein said at least two tronaparent electrodes are 
substantially in parallel. 

27. An optical device as set forth in claim 23, 

10 wherein the surface configuration of the transparent 
Material layer on the side of said layer of the 
varioblc refractive index material ia a convex lens, 
a coxic*ve Isxs, a fresnel leno, a prism array, a 
lens array, a lenticular lens or a diffraction 

15 grating, or a curved surface formed bv.a ctaibinaUion 
thereof . 

28. An optical device as set forth in claim 23, 
wherein an alignment layer for allffning the liquid 

20 crystal in one direction ie provided on th«? ssurfar.ft 
of said transparent electrode on the aide of the 
layer incrliiding the variable refxauLxve index 
material . 

25 29. An optical device comprising a plurality of 

optical devices defined in claim 28, said plurality 
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o£ optical devices being arranqed in series so th^t 
the ordering directions ot the respective aligxanent 
layers are perpendicular to each other. 

5 30. An optical device as set forth in ulaxjii 23, 
wherein a light is incident to a surface of said 
layer including the variable refractive index 
materiAi having a more unifoim aligxiinent. 

10 31- . Aix optical device as set forth in claim 23 , 
wherein one of said transparent electrodes is 
replaced with an electrode reflectiixy aL leAst a 
part of a light incident to said one of said 
transparent electrodes. 

32. A three-dimensional display device for forming 
three dimensional image from two-dimensional -image 
on a display portion, comprising: 

a iayer of a transparent matericil having a 
20 dooired curved surface contigi.iraf.ion; 

a layer of a variable refractive index material 
having a refractive index varying in accordance with 
a voltage applied thereto; 

at least two transparent electrodes arranged to 
25 ascuidwich said layer of the trannparent material and 
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said layer including the variable xefractive index 
xnaterial; 

au iinaging. position shifting portion for 
Shi f ning an imagincr pc»iLioii of said two-dimensional 
5. image displayed on said display portion; 

a synchronizing portion for synchronizing an 
updatiriM period of the two dimensional image 
displayed on said display portion with a shifting 
period of the imaging point of aaid imaging position 
10 shifting portion? and 

a driving portion for driving said imaging point 
shifting portion by aj©lying a voltage Uu said at 
least two transparent electrodes in accordance with 
an output from said synchroniring portion. 

15 

33- A three-dimensional ai splay device as set forth 
in claim 32, wherein said variable refractive Index 
material of said imaging point shifting portion is 
liquid crys^-^1- 

20 

34. A three-dimensional display device as set forth 
in claim 33, whereia a material having a low 
wettability with t.he liquid crystal is .aixanged at 
least one of positions contacting said layer of the 
25 liquid crystal of said imoging point shifting 
portion . 
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35. A t.hree-dtmensional display device comprising a 
plurality of optical devices rtf^fined in claim 34. 
said plurality of optical devicos being arranged in 
sprtfts SO tliat the ordering directions of the 

5 respective aligntnent layers are perpwidicular to 
each other. 

36. A three-dimensional display device as set forth 
in claim 33 ^ wherein an alignment layer for aligninq 

10 the liquid crystal in one direction is provided on 
the surface of aald transparent electrode on the 
side ot the layer including the vaLidtble refractive 
index tnaterial of said imajging point shifting 
portion. 

15 

37. A three-dimensional display device' as set fortli 
in claim 36, wherein a light is incident to a 
surface oL said layer including the variable 
retractive index material liaviiiy a more uniform 

20 alignment. 

38 ♦ A three-dimensional display device as act forth 
in claim 'i2, wherein said two transparent electrodes 
are oubetantially in parallel . 
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39. A thre^-dimensional display device as set forth 
in claim 32, wherein said display portion displays 
depLb saiqpling images formed by decomposing a three- 
diTn«nfiional image into two-dimensional images 

5 between planes set at. a predetermined intervtil iu a 
depth direction of an image pick-up position, or 
depicts a line drawing. 

40. & driving method of driving a three-dimensional 
10 display device including a display portion for 

displaying two-diiu«iisional images/ an imaging point 
shifting portion disposed between said diaylcty 
portion and an observer , a synchronizing portion for 
synclironizing an updating period of the two- 

15 dimensional images displayed ou said display portion 
with a shifting period of the imaging point of said 
imaging point shifting portion, and a driving 
portion fur driving said imaging point shifting 
portion, said a driving method cuiupxiaing the steps 

20 ofs 

output ting a plurality of driving signals of an 
output voltage VN (N i 2) having frequency fN as a 
primary frequency for a predetermined period of time 
assigned to each of the driving signals in a 
25 predetermined sequence to drive oaid imaging point 
shifting portion in said driving portion; and 
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Updating and displaying said two-dioiexisional 
images in a predetermined sequence on flaid display 
poition in said synchronizing portion, 

5 41. A driving method of driving a tlit««-diuieusional 
display device including a display portion for 
displaying Lwo-dimensional images, an imaging point 
shifting portion disposed betweexi »aid display 
portion and an observer, a synchronizing portion for 

10 synchronizing on updating period of the two- 

dimensional imaqes displayed on said display portion 
with a shifting period of the imaging puiaU v£. said 
imaging point shifting portion, and a driving 
portion fur driving said imaging point shifting 

15 porf.ion, said a driving method coaiprising the steps 
of: 

in said driving portion; 

generating a driving signal of a predetermined 
output voltage in which a frequency IN (M i 2) is 
20 ouporinopoeed; 

applying said driving signal to said imaging 
position shifting portion; 

varying said output voltage in a predetermined 
sequence in accordance with a synchron-i y.at'.inn signal 
25 of said tfynchroniring portion; and 

in said synclixuni nation portion: 
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outputMng a synclxconization sigiial in SAid 
synchronization portion when ni>dating two- 
aijiiensional images to bo dieplayod on said dispiay 
porr.ion. 

5 

42. A driving method ae set forth in ciaim 40, 
further cuu^rising a st«p of stopping said driving 
signal for driving said imagiiig point shifting 
portion driving a predetermined time duration. 

10 

d.^. A driving method as set forth in claim 41, 
further coxoprising a step of stopping s&id dxiviag 
signal for driving said imaging point shi f ting 
portion driving a predetermined time duration. 

15 

44, A three-dimensional display device comDrising: 
a phantom three-dimensional display device for 
displayina a phMiLOin three-dimensional image/ and 

a shutter device formed bv ci sliuLLex: element for 
20 controlling a light transmi said shutter 

device being located at a position where said 
phantom three-dimensional image is reproduced or a 
position optically equivalent to said position* 



25 45. A three-dimensional display device as set forth 
in claim 44, wherein said shutter element is two- 
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dimftnaionally divided r zuid each of divided regions 
are driven independently of the other, 

46. A three-dimensional display device as set forth 
5 in claim 44, wherein said shiitter eltsiutaiL lowers a 

light tranemittance in the region of d^th saitq^ling 
Ixaages as two-dimensional ixnagee of said phantom 
image at said shutter element position during o time 
duration that said phanr.om three-dimensional image 
10 is being reproduced on the other side of said 
shutter elemenL as viewed from the observer. 

47. A thxroe-dimensional dispJay device as set forth 
in claim 44, wherein the material of said shutter 

15 element is one or couiblaation o£ guest -host type 
liquid crygtai containing diachronic dye liaviiig a 
different light beam absorption depending upon an 
urientation of molecules and liquid crystal having 
dielectric constant aiilsuLiupy ^ polymer dispersion 

20 type liquid crystal rnntaining drODlet^like liouid 
crystal in polymer, polymer dispersed liquid crystal 
containing a polymer network in liquid crystals a 
hoiographic polymer dispersed liquid crystal having 
a layer structure of polymer dispersed liquid 

25 crystal containing droplet like liquid crystal in 

polyiuex and polymer, a holographic polymer dispersed 
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liquid crystal having a layer stx-ucLuxe of said 
polymer dispersed liquid crystal containing a 
polymer netirork in the liquid crystal and polymer, 
and a polymer disperbtid liquid crystal wherein said 
5 liquid crystal in said polymer dispersed liuuid 
crystal is said guect-hoet type liquid crystal . 

48, A three-dimensional display device as set forth 
in claim 44, wherein said phantom three-dimensioiittl 

10 display device is constructed with a two-dimensional 
image display device aad a varifocal optical device. 

49. A three-dimensional display device- comprising: 
a phantom three-dimensional display device for 

15 displaying a phantom three-dimensional image; and 

a shutter device termed hy a shutter element for 
controlling a light tranemittance, 

said phttntuui Lhree-dimensional image being a 
real linage^ and said shutter eltiuieiiL being a 
20 photoreaotive element for inwpring a light 

tronsmittance in a real image region at the position 
of said shutter elemenL in accordance with an 
imaging light beam of ftaid real image- 

25 50 • A three-dimensional display device as set forth 
in claim 49, wherein a material of said 
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photoreactive eJem^^nt is one of a photoclixuuiic 
material, a material consisting ot a material 
causing a photostructural change and liquid cry«ta.l, 
and a material havinq u nematic-anisotropic phase 
5 transition teit^Jerature to be varied by 
photoetructural change. 

51. A three-dimensional display device as set forth 
in claim 49, wherein said phantom three-dimensional 

10 display device includco a two-dimensional image 
riiftplay device and a varifocal optical device • 

52. A head-mount display device comprising! 

two display devices corresponding to left and 
15 right ^yes and each includirig a Lwo-dimensional 
dicplay device and an optical dwice having a 
variable focal length; and 

a control device Tor controlling e^aid two 
dimensional display dp.vice and said optical device 
20 having a variable focal length, 

said display devices being mounted to left and 
right eyes, and said control device synchronously 
driving said two-dimensional display device and said 
optical device to perform three-dimensional dijqplay* 
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53. A head-mount display a«viee as set forth in 
claim 52, wherein said optical device further 
con5>riBeB a deflection device for varying a 
direction of a liflht incident to eaid optical 

S device, and said control device controls said 

optical device in such o way that when the image is 
moving closer to the eyes according to a change of 
the focfcil length, the overall display image of said 
two-dimensional display device is deflected to be 

10 closer toward tho center between the left and right 
eyes. 

54. A head-mount display device as set forth in 
claim 52, wherein said optical device has a 

15 transparent material oL one of foans of a fixed 
focus lens shape, a fixed prism shape, and a shape 
where the lixed deflection mcohonicm io incorporated 
into the fixed focus lens or a combination thereof, 
a layer including a variable refractive index 

20 material, and at least a pair Of transparent 
electrodes for sandwiching said layer. 

55. A head-mount display device as set forth in 
claim 54, irtierein said variable telractive index 

25 material ie li<juid crystal having dielectric 

constant anlaOLropy and refractive index anieotropy. 
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56. A head-mount display device as set forth in 
claim 55. wherein said variable refracclve index 
material ia liquid cryBtal havixig dielectric, 
constant anisotropy and refractive index anisotropy, 
5 and being dual -frequency liquid crysi-.al having a 
different plysical property having a different sign 
o£ a difference in a d-^elentric constant 
corresponding to oriexiUation of the liquid crystal 
molecules between different frequencies fl and f2. 

10 

57. A he«rt-tnount display device as set forth in 
claim 54, wherein aaid variable refractive index 
material is polymer dispersed liquid crystal, and 
the droplet size of the liquid crystal or the 

15 droplet size of the polymer is smaller than n 
wavelength of vieible light. 

58. A head-mount display device as set forth in 
Claim 54, wherein said fixed focus lens is spherical 

20 or non-spherical «ingle lens or fresnel lens. 

59. A head-mo\int display device as set forth in 
ulaiKi 54, wherein said fixed priom ie simple prism 
or a ntuiti-prism having an array of a plurality of 

25 fine prisma. 
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60. A head-mount display devi r« as set forth in 
claim 54, the form where said fixed deflection 
aechonism io incorporated, in to said fixed focus 
lens is in the form of increasing or decreasing an 

5 angle formed by a spherical or non- Spherical simple 
lens or a £resnel lens and an optical ^xie. 

61. A head-itiount display device as set forth in 
claim S2, wherein said driving device sequentially 

10 applies voltages VI to VN having primary £reqi.ienci e« 
fl to fN (N 2 a) to said transparrait electrodes for 
a predetermined period of time and at a 
predetermined interval. 
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ABSTRACT OF THE DISCLOSURE 

Ar\ optical device includes a transparent 
uittLerial layer having a desired curved surface 

5 configxiration. a layer including a variable 
refractive .index material having a di el ect.ric 
constant anisotropy^ aadr-toa ving a piup ii -rby i a-^fhich-fl. 
Bi.t|n- o£_.a-di f f erence Ae in dielectrig_.constant-du€-te"- 
ttoe anisotropy~l-s--Eever«ed_at^driving -icequ^^ 
10 aiid-£2r at least two transparent electrodes arranged 
to sandwich the transparent material layer and the 
la^ w i iii u ladlBy H^ variable refractive index 
material, aud a driving device supplying a voltage 
including tfVe driving frequencies fl and f2 between 

15 Llie transparent electrodco. ' ' 

^) pp:.t^ ^^^^ t?^ 



- 166 - 



